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EDITORIAL 


T is with sadness and regret that we have arrived at the 
hl when Mr. Charles King must leave finally Devon- 
shire Street. An appreciation of Mr. King and of his great 
contribution to British anesthesia will be found on another 
page. His position was unique and it seems unlikely that 
the close and intimate contact, which existed between him 
and anesthetists, was a relationship which can possibly be 
maintained with large monopolies and industrial concerns. 
He was ever a friend to this Journal and, as our readers are 
well aware, several of our recent developments have been 
due to his inspired suggestions. We trust that he will spend 
a long, healthy and happy retirement and that he will not 
cease to keep in contact with his friends in our specialty. 

Owing to a misunderstanding a mistaken acknowledge- 
ment was made for the loan of John Snow’s book plate in 
the last issue of the Journal. This rare plate, which does 
not exist even in the British Museum, was loaned to us by 
Mr. Charles King, who suggested its reproduction, and has 
»een donated by him to Professor Macintosh. We are very 
grateful to Mr. King for the suggestion and also for the loan 
of the book plate, and we congratulate Professor Macintosh 


on a most interesting acquisition. 
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TRANSIENT INTRAVENTRICULAR BLOCK 
DURING ANA‘STHESIA 


By MICHAEL JOHNSTONE 


Bolton District General Hospital, Lancashire 


NTRAVENTRICULAR (bundle branch) block does not appear 
I previously to have been recognized as a complication of 
anesthesia in patients with normal hearts. It has been 
realized that surgery under general anesthesia may preci- 
pitate intraventricular block in patients whose cardiac con- 
duction is already impaired by disease; hypoxemia (Kurtz, 
1936), accumulation of acid metabolites (Robinson, 1916), 
and various nutritional and circulatory changes have been 
implicated in the causation of this type of block. Kert 
(1949) and others have shown that pressure by an intra- 
cardiac catheter on the subendocardial conducting tissue in 
the septum could produce transient right bundle branch 
block. Transient intraventricular block has also followed 
the intravenous administration of procaine. 

Early animal studies (Einthoven, 1906; Hering, 1909; 
Lewis, 1925) indicated that the typical clectrocardiographic 
appearances of intraventricular block could be produced by 
vagal stimulation. More recently, others (Scherf and Boyd, 
1945; Luisada, 1948) have been of the opinion that the 
ventricular complex of the cardiogram cannot be altered by 
the vagus and that there does not appear to be any pub- 
lished evidence that sustained inhibition of intraventricular 
conduction could be produced by vagal stimulation 
(Comeau et al., 1938). 

The role of the vagus in relation to ventricular activity is 


difficult to define. The difficulty appears to be based 
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mainly on the failure of investigators to demonstrate any 
evidence of parasympathetic nerve fibrils in the ventricular 
musculature (Robinson and Draper, 1911; Cullis and 
Tribe, 1913; Stotler and McMahon, 1947). It has been 
pointed out, however, that staining techniques are cap- 
ricious and nonselective and that it is impossible to dis- 
tinguish between degenerated parasympathetic and 
sympathetic fibrils in the ventricular muscle (Wollard, 
1926). Ninidez (1943), using a selective parasympathetic 
stain demonstrated a rich vagal nerve supply to the 
branches of the bundle of His. 

Physiological experiments have produced substantial 
evidence that vagal stimulation causes inhibition of the 
inherent rhythmic property of the ventricle and weakens 
the strength of the ventricular contraction (McWilliam, 
1888; Cohn, 1912, 1913; Lewis, 1925). Judging from 
authoritative clinical reports there seems to be no doubt 
that indirect vagal stimulation impairs the intraventricular 
conduction of persons exhibiting the Wolff-Parkinson- 
White syndrome (Wilson, 1915; Wolff et al., 1930); aber- 
rant distribution of the vagi in the heart may be responsibic 
for the impairment of intraventricular conduction in these 
persons (Tung, 1936). 

In view of the differences of opinion concerning the 
influence of the vagus on the ventricles of the human 
heart, it was felt that a report on the following four cases 
would be of interest. 

Case 1. Operation: Herniorrhaphy. Female, 53 years of age. 

General condition good, exercise tolerance normal. 

Heart. Normal. B.P. 130/70. 

Premedication. Atropine 0.65 mg. 

Anesthesia. Induced with half a gramme of thiopentone and 
maintained on cyclopropane and oxygen in a closed circuit with 
assisted respiration. After twenty minutes of cyclopropane 


anesthesia the pulse became irregular as the result of frequently 
recurring ventricular ectopic beats: it was decided that this com- 
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plication was due to carbon dioxide accumulation following 
exhaustion of the soda lime. An immediate change was made to 
semi-open nitrous oxide, oxygen, and ether (total gas flow 10 litres 
a minute) and the operation completed uneventfully. Induction, 
maintenance, and recovery from anesthesia were smooth and the 
general condition of the patient appeared satisfactory throughout 
the operation. 

Electrocardiology (fig. 1). Prior to induction a regular sinus 
rhythm is present at one hundred and fifty beats a minute (tracing 
A). After twenty minutes of cyclopropane anesthesia with carbon 
dioxide retention the sinus rhythm is interrupted by alternating 
ventricular ectopic beats (tracing B). The change to semi-open 
ether anesthesia causes the disappearance of the ectopic beats 
within thirty seconds with the return of a regular sinus rhythm 
complicated by an intraventricular block (tracing C): the initial 
ventricular deflection is erect and the width increased to 0.15 sec., 
the ST segment has merged with the T wave which has become 
inverted. After ten minutes of ether anesthesia the cardiogram is 
unchanged apart from a decrease in the sinus rate to one hundred 
and twenty-five beats a minute (tracing D), presumably due to 
the elimination of carbon dioxide. The intraventricular block 
disappears within thirty seconds of the removal of the face-mask, 
with the return of normal intraventricular conduction (tracing E). 


Case 2. Operation: Laparotomy for strangulated internal 
hernia. Male, 49 years of age. General condition good. 

Heart. Normal. B.P. 110/70. 

Premedication. Atropine 1.3 mg. 

Anesthesia. Induced wiih half a gramme of thiopentone and 
maintained on cyclopropane and oxygen in a closed circuit with 
efficient carbon dioxide elimination. After forty-three minutes of 
cyclopropane anesthesia ether was added to facilitate the closure 
of the peritoneal cavity and respiration was assisted by manual 
compression of the re-breathing bag. Anesthesia was continued 
for a further five minutes with this mixture. The mask was then 
removed and the patient allowed to recover. The general condi- 
tion and oxygenation of the patient remained satisfactory through- 
out the period of anesthesia. Recovery was uneventful. 

Electrocardiology (fig. 2). Prior to induction a regular sinus 
rhythm is present at one hundred beats a minute, the PR interval 
is 0.12 sec., the QRS complex is 0.08 sec., and the T wave is erect 
(tracing A). 

After forty-three minutes of cyclopropane anesthesia a regular 
sinus rhythm is siill present and the rate has increased to one 
hundred and fifty beats a minute; the amplitude of the R wave 
has decreased and that of the T wave has increased (tracing B). 

After the introduction of ether the QRS complex widens to 
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0.12 sec., the depth of the S wave increases, and the ST segment 
merges with the T wave which is of considerably increased ampli- 
tude (tracing C). 

One minute after the removal of the mask the intraventricular 
block has disappeared and conduction has returned to within 
normal limits (tracing D). 


Case 3. Operation. Herniorrhaphy. Healthy male, 43 years of 
age. 

Heart. Normal. B.P. 135/80. 

Premedication. No pre-operative drugs given. 

Anesthesia. Induced with half a gramme of thiopentone and 
maintained on cyclopropane and oxygen in a closed circuit with 
assisted respiration and carbon dioxide absorption. After fifteen 
minutes of cyclopropane anesthesia the ether vaporizer was 
turned on and anesthesia continued for a further seven minutes 
with the cyclopropane-ether mixture. The mask was then removed 
and the patient allowed to recover. Oxygenation was complete 
throughout the period of anesthesia and recovery was uneventful. 

Electrocardiology (fig. 3). Sinus arrhythmia is present prior to 
induction, the rate being approximately eighty-five beats a minute, 
the PR interval is 0.16 sec., the QRS complex is 0.08 sec., and the 
T wave is erect (tracing A). 

After fifteen minutes the sinus rate has dropped to forty-five 
beats a minute, the amplitude of the P wave is diminished, con- 
duction times are normal, and the T wave is unchanged (trac- 
ing B). 

Immediately after the addition of ether the P wave disappears 
from its normal position, the QRS complex increases both in 
amplitude and duration, the ST segment merges with the T wave 
which has become inverted (tracing C). These changes persist 
throughout the subsequent seven minutes of cyclopropane-ether 
anesthesia (tracing D). 

Within half a minute of the removal of the mask there is a 
complete return of normal SA nodal rhythm with normal intra- 
ventricular conduction (tracing E). 


Case 4. Operation. Removal of an impacted molar tooth 
Male, 52 years of age. General condition good. 

Heart. Normal. B.P. 110/70. 

Premedication. Atropine 0.65 mg. 

Anesthesia. Induced with half a gramme of thiopentone and 
maintained on nitrous oxide, oxygen, and ether administered 
through a naso-tracheal tube from a Boyle’s apparatus. Induc- 
lion, intubation, and maintenance were smooth and oxygenation 
was complete throughout the period of anesthesia. Recovery 
was uneventful 
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Electrocardiology (fig. 4). In this case the electrocardiograph 
was not connected until anesthesia had been induced, the endo- 
tracheal tube inserted, and the patient transferred to the operating 
table. 

As soon as the cardiograph was connected the disturbance of 
cardiac action was observed and interpreted as an intraventricular 
block (tracing A). The ether was immediately turned off and the 
patient ventilated with nitrous oxide and oxygen; this caused the 
almost immediate return of normal intraventricular conduction 
(tracing B), thereby eliminating the possibility of an organic block. 

The re-introduction of ether caused the immediate return of the 
block (tracing C) which persisted for the next ten minutes (trac- 
ing D) and was eventually immediately abolished by reducing the 
ether concentration to the lowest obtainable from a Boyle’s 
apparatus (tracing E). A regular sinus rhythm persisted through- 
out the subsequent period of anzsthesia maintained by nitrous 
oxide, oxygen, and minimal ether (tracings F, G, and H). 

It should be noted in this case, as in case 3, that there is no 
evidence of normal auricular action during the periods of intra- 
ventricular block. 


DISCUSSION 


These cases illustrate the occurrence of transient intra- 
ventricular block during anesthesia in four patients. In 
cases 1 and 2 the ventricular deflections were preceded in 
the normal way by auricular incitations with normal atrio- 
ventricular conduction; in cases 3 and 4 there was no 
electrocardiographic evidence of normally placed auricular 
deflections during the periods of intraventricular block. The 
absence of P waves may be explained in two ways: either 
atrio-ventricular nodal rhythm was present in association 
with a block of one of the bundle branches; or the pace- 
maker was located in one of the bundle branches. 

In each case the intraventricular block was related to the 
inhalation of ether: it appeared as soon as the ether inhala- 
tions were started, persisted throughout the period of ether 
inhalations, and disappeared immediately after the removal 
of the ether vapour from the air passages. This suggests that 
vagal activity—stimulation of the pulmo-cardiac reflex by 
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the inhalation of an irritant vapour—was responsible for 
the appearance of the blocks. If the blocks were due to the 
toxic effects of ether anesthesia one would not expect such a 
rapid recovery of normal conduction after the removal of 
the face-mask. The failure of atropine to prevent their 
occurrence in three of the patients is to be expected in view 
of the small doses used: Lewis (1925) calculated that atro- 
pine 10 mg. (approximately) was required completely to 
annul the effects of vagal stimulation in man. Hypoxia can- 
not be considered as a cause because each patient was 
thoroughly oxygenated. Post-operative cardiological assess- 
ments failed to reveal any evidence of cardiac disease. 

Intraventricular block cannot be regarded as a frequent 
consequence of pulmo-cardiac stimulation. Many hearts 
have been subjected to greater degrees of inhibition, even to 
the point of cardiac arrest (Johnstone, 1951a and 1951b), 
without showing any electrocardiographic evidence of 
impaired intraventricular conduction. The infrequency of 
intraventricular block may partly be accounted for by the 
absence of facilities for obtaining instantaneous and con- 
tinuous cardiograms; the use of the oscillograph and other 
types of electrical recorders may reveal a higher incidence 
of block during anesthesia. It may also be possible that an 
anomalous vagal innervation of the heart may be respon- 
sible for the appearance of intraventricular block during 
anesthesia in some patients. 

A recent investigation (Johnstone, 1952) demonstrated 
that the ventricular arrhythmias associated with cyclopro- 
pane anesthesia could be abolished by stimulation of the 
pulmo-cardiac reflex. The severe ventricular disturbances 
which may be precipitated by the administration of adrena- 
line or nor-adrenaline during cyclopropane anesthesia are 
also immediately abolished by adequate pulmo-cardiac 
stimulation with ether (Johnstone, 1953). This reaction has 
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occurred consistently in every patient whom I have tested 
and several hundreds have now been observed. This would 
indicate that vagal stimulation inhibits and abolishes the 
ventricular irritability associated with sympathetic over- 
activity. Further evidence in support of this action of the 
vagus has been provided by Brow et al. (1930) and by 
Gruber et al. (1938) who observed that stimulation of the 
peripheral end of the cut vagus abolished the ventricular 
arrhythmias associated with anesthesia in animals. 


DIFFERENTIAL DIAGNOSIS OF FUNCTIONAL 
INTRAVENTRICULAR BLOCK 


Although functional intraventricular block appears to be 
an infrequent complication of anzsthesia it is closely simu- 
lated by other electrocardiological abnormalities which are 
frequently encountered during anesthesia: 


(A) Organic Intraventricular Block 

This abnormality is often present in surgical patients, 
particularly in the older age groups, and is practically 
always an indication of serious heart disease (Rosenman et 
al., 1950). Its presence should be identified pre-operatively, 
as it may have a considerable influence on the post-operative 
progress of the patient. If the block is not recognized until 
the patient is anesthetized—as in Case 4—the organic block 
may be distinguished from the functional block by the fact 
that it persists after the removal of the irritant anesthetic 
agents from the air passages. A change to a less irritant 
concentration or agent—from ether to cyclopropane, 
nitrous oxide, or trichlorethylene—is sufficient to abolish a 
functional block. 


(B) Ventricular Rhythms 
Figures Sb and 6b illustrate slow and rapid unifocal 




















A. 
B. 


FIG. | 
See text for clinical details. 


All Lead 2. 


Before induction. 


After twenty minutes cyclopropane anes- 
thesia with inefficient carbon dioxide 
elimination. 


Thirty seconds later, on nitrous oxide, 
oxygen, and ether. 

Ten minutes later, on nitrous oxide, oxy- 
gen, and ether: carbon dioxide elimin- 
ated. 


Thirty seconds later, after the removal of 
the face-mask. 
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Fic. 4 
See text for clinical details. 
All Lead 1. 


Patient inhaling nitrous oxide, 
oxygen, and ether for the 
previous six minutes. 

Thirty seconds later, ether dis- 
continued. 

One minute later, ether again 
being inhaled. 

Ten minutes later, on nitrous 
oxide, oxygen, and ether. 
Thirty seconds later, ether hav- 
ing been reduced to minimum. 
After twenty minutes. of 
nitrous oxide, oxygen, and 
minimal ether. 

After forty-seven minutes of 
nitrous oxide, oxygen, and 
minimal ether. 

Thirty seconds after the re- 
moval of the endotracheal tube. 
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ventricular rhythms respectively. This type of disturbance 
is due to sympathetic overactivity and appears in the pre- 
sence of carbon dioxide retention during anesthesia with 
agents which are relatively non-irritant to the air passages 
(Johnstone, 1950, 1951c, 1952). Ventricular rhythms, 
whether of the unifocal, bifocal, or multifocal varieties, may 
be abolished by stimulation of the pulmo-cardiac reflex. 
The bifocal and multifocal varieties are easily recognized 
by their bizarre electrocardiographic appearances which 
are quite characteristic. 

I do not think it is advisable on electrocardiographic 
characteristics alone to try to differentiate between a uni- 
focal ventricular rhythm and an intraventricular block: the 
cardiograms are so alike that the possibility of error is not 
remote. An attempt to abolish an intraventricular block by 
stimulating the pulmo-cardiac reflex may precipitate com- 
plete cardiac arrest. The abnormalities may easily be dis- 
tinguished if their modes of onset have been observed: a 
ventricular rhythm is invariably preceded by isolated ven- 
tricular ectopic beats or by coupling of the SA-V or AV-V 
types; the onset of intraventricular block, in so far as I was 
able to determine by direct observation of the galvanometer 
string, was abrupt and not preceded by any pulse irregu- 
larity. If doubt exists as to the nature of an established 
abnormality during anesthesia the safest procedure is to 
ventilate gently and efficiently for a reasonable period with 


oxygen. 


(C) Atrio-ventricular Nodal Rhythms 

Apparent widening of the QRS complex, with changes 
in the ST segment and T wave, may occur as the result of 
summation of the auricular and ventricular potentials 
during an atrio-ventricular nodal rhythm. This disturbance 
occurs frequently during anesthesia and is caused by vagal 
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overactivity due to stimulation of the pulmo-cardiac reflex 
by the inhalation of an irritant vapour. Sino-auricular nodal 
rhythm may be restored by reducing the irritancy of the 
inhaled agents. Examples have already been published in 
previous papers (vide supra). 


SUMMARY 

(1) Transient intraventricular block has been observed 
during anesthesia in four patients. It has been concluded 
that the blocks were caused by vagal activity due to stimu- 
lation of the pulmo-cardiac reflexes by the inhalation of 
irritant vapours. 

(2) Clinical evidence has been submitted to support the 
view that the vagus exerts a definite inhibitory influence on 
the ventricular conducting tissue both in relation to sino- 
auricular impulse transmission and to the activity of the 
ectopic ventricular centres. 

(3) The differential diagnosis of functional intraventri- 
cular block has been described. 
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DESCENDANTS OF DECAMETHONIUM* 


By H. O. J. COLLIER 


Research Division, Allen and Hanburys Ltd., 
Ware, Herts. 


W ITH perhaps one exception, decamethonium has been 
the parent of the main neuromuscular blocking 
agents introduced, since its discovery, for clinical trial as 
muscle-relaxants. Its descendants (see fig. 1) include 
suxamethonium (succinylcholine), suxethonium (362 L.S.), 
Ro 3-—0386 and Laudolissin. The exception (fig. 2) is 
benzoquinonium (Mytolon), which was derived from an 
experimental anti-bacterial substance by the chemical pro- 
cess of quaternization (Hoppe, 1951). Since benzoquino- 
nium has the practical disadvantage of causing excessive 
salivation and bronchorrhea (Foldes, 1951; Robertazzi, 
1951), the new relaxants at present in use appear all to be 
descendants of decamethonium. 

Chemists have found decamethonium a useful starting 
point because it combines simplicity of structure with high 
potency. Its molecule not only represents one of the sim- 
plest forms imaginable to block the neuromuscular junction 
potently; but it is the most powerful relaxant yet used 
clinically, being two to three times as strong as d-dimethyl- 
tubocurarine and four to five times as d-tubocurarine itself. 
In developing new compounds, some of the simplicity and 
potency of decamethonium can be comfortably exchanged 
for other desirable features which this drug lacks. 

That decamethonium does lack certain desirable fea- 
tures is evident from its comparative failure to win favour 


* Based on a paper read to the Yorkshire Society of Anesthetists, 


Leeds. 
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(a) Decamethonium iodide ; (b) Suxamethonium chloride ; 
(c) Suxethonium iodide; (d) Ro 3-0386; (e) Ro 2-4161 ; 
and (f) Laudolissin. 
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Enhancement of curarizing property of benzoquinonium. 
(a) Benzoquinonium chloride ; (b) Ro 2-4395. 


among anesthetists, in spite of its freedom from unwanted 
side-effects. This is probably because, while being a com- 
paratively long-acting compound, it yet has no satisfactory 
antagonist. The failure of decamethonium to win a place 
in everyday use, and the practical requirements outlined to 
me by some anesthetists, led me to conclude (Collier, 1951) 
that clinical needs existed for new relaxant drugs of two 
types: 


(i) A really short-acting relaxant . . . preferably antago- 
nized by neostigmine. 

(ii) A relaxant acting for as long as or longer than d- 
tubocurarine, but without liability to its side-effects, 
and antagonized by neostigmine.” 
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It is under these two heads that the newer muscle-relaxants 
may now conveniently be considered. 

It has been found that drugs approaching both these 
types can be developed from the pattern of decamethonium 
by suitable changes in the molecule. In making changes, 
chemists can either alter the linking chain, or the end- 
groups, or both. Modification of the chain can produce 
ultra-short-acting compounds, of which suxamethonium is 
the most important. Such compounds, however, are not 
antagonized by neostigmine and they owe their convenience 
and safety to their shortness of action. Modification of the 
end-groups, on the other hand, can produce true curarizing 
drugs, antagonized by neostigmine, such as Laudolissin. 


ULTRA-SHORT-ACTING RELAXANTS 
Suxamethonium 


Shortly after the discovery of decamethonium (Barlow 
and Ing, 1948; Paton and Zaimis, 1948), groups of workers 
in London (Buttle and Zaimis, 1949; Walker, 1950), in 
Rome (Bovet et al., 1949) and in Tuckahoe, New York 
(Phillips, 1949; Castillo and de Beer, 1950) showed inde- 
pendently that suxamethonium possessed high neuromus- 
cular blocking activity. In spite of its relative high potency, 
suxamethonium was not developed for clinical purposes by 
any of these groups of investigators. Bovet preferred the cor- 
responding bisethiodide (suxcthonium iodide, 362 I.S.), 
which he considered might lack some minor side-effects 
anticipated from suxamcthonium itself; and in London, and 
perhaps also in the United States, suxamethonium was not 
pursued further at the time, because it was thought to be 
too short-acting. 

The need in anesthesia for a really short-acting relaxant 
was too insistent, however, to allow suxamethonium to 
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remain long unused. The possibility of its employment was 
explored independently in Sweden (Thesleff, 1951; von 
Dardel and Thesleff, 1951), in Austria (Brucke et al., 1951) 
and in this country (Bourne ct al., 1952). All these groups 
of workers found that the side-effects feared by Bovet were 
absent or negligible in man and that the effect of suxa- 
methonium lasted for a much shorter time than the con- 
siderably more potent decamcthonium. Here is a concrete 
example of the exchange of potency for the more desirable 
property of brief action. 


Duration of action 


In the vast majority of patients a completely effective 
dose of suxamethonium lasts between 2 and 4 min. (sec 
Bourne et al., 1952, fig. 2). In a few individuals, however, 
as might be expected, the effect of suxamethonium lasts 
longer. Thus in 5 of 546 patients reported by Bourne et al. 
(1952) apnoea lasted between 8 and 15 min. Evans et al. 
(1952) found 2 long reactors (20 and 21 min.) in more than 
400 patients. Richards and Youngman (1952) noted no 
prolonged apnoea in 250 patients and Foldes (1952) saw 
none in 400. Butt (1952) noted apnoea exceeding 6 min. in 
only one patient (21 min.) among 1,000. Of an aggregate 
therefore of 2,600 patients, apnoea exceeded 7 min. in only 
8 and 21 min. in none. Apart from these series, however, 
isolated instances of more prolonged apnoea after suxa- 
methonium have been reported (e.g. Gould, 1952; Love, 
1952; Harper, 1952; Hewer, 1952; Grant, 1952; MacKay, 
1952; Reid and Neill, 1952; Mayrhofer, 1952, and Wolfers, 
1952). So far, in all reported instances of prolonged apnaza 
after suxamethonium, eventual recovery has been com- 
pletely satisfactory. 
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Cause of prolonged action 


Several possibilities, which have not always been ex- 
cluded, should be considered in examining the cause of pro- 
longed action. It is possible that manual ventilation helps 
to prolong apnoea through (i) acapnia (Richards and 
Youngman, 1952); (ii) the Hering-Breuer reflex (Gray and 
Rees, 1952) and (iii) potentiation of other drugs used in 
anesthesia, such as thiopentone (Dundee, 1952). The 
associated possibility that drugs other than suxamethonium 
may cause the prolonged apnoea has been discussed by 
Durrans (1952) who gives reasons suggesting that the effect 
is due to depression of the respiratory centre. His view is 
supported by the finding of Barron (1952) that high doses 
of nikethamide terminated some prolonged apnoeas after 
suxamethonium, since nikethamide is well known to antago- 
nize central respiratory depressants. It is of interest that 
Ellis et al. (1952) find that suxamethonium, in common with 
other neuromuscular blocking agents, when given in large 
doses depresses the respiratory centre of the cat. 


A third possibility is that other drugs used in anesthesia 
may prolong the action of suxamethonium. We are explor- 
ing this by experiments in mice which have so far shown 
that drugs such as morphine, papaveretum, thiopentone and 
hexamethonium do not prolong the action of suxa- 
methonium when their dose bears the same approximate 
relation to suxamethonium as it does in man. Doses either 
of papaveretum or of hexamethonium that are relatively 
very high in comparison with that of suxamethonium (25 
to 1) do prolong paralysis in mice. Likewise, in a similar 
high ratio of doses, Xylocaine and, to a lesser extent, pro- 
caine prolong suxamethonium paralysis in mice. 


After exclusion of doubtful instances, it seems certain 
that suxamethonium does occasionally have prolonged 


B 
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action, but this is rare and is generally slight. The explana- 
tion appears to lie in the level of “ pseudo ’’-cholinesterase 
in the patients’ plasma, since both Bourne et al. (1952) and 
Evans et al. (1952) independently found that patients who 
recovered slowly from suxamethonium had abnormally low 
cholinesterase in their plasma, while patients recovering at 
the usual rate were normal in this respect. Evans et al. 
(1953) have provided further evidence in support of this 
view and answered objections to it. 

The products of hydrolysis of suxamethonium in the 
body are of interest in connection with the problem of long 
reactors. Whittaker and Wijesundera (1952) find that the 
cholinesterase of horse-serum hydrolyses suxamethonium to 
choline and succinic acid via the succinylmonocholine. 


Practical approach to long reactors 

The questions naturally arise, since rare individuals show 
prolonged apnoea after suxamethonium, as to how this long 
reaction can be foreseen and dealt with. The following 
suggestions have been made. 


1. Reduction of the doses of drugs liable to depress the 
respiratory centre and avoidance of hyperventilation. 


2. Reduction to a minimum of the dose of suxametho- 


nium used (Foldes, 1952). 

3. Observation of special caution in patients likely to 
have (a) low plasma-cholinesterase—e.g. those suffering 
from starvation, liver disease or exposure to certain insecti- 
cides (Bourne et al., 1952); (6) spasms of skeletal muscle 
(Mayrhofer, 1952). 

4. Measurement of plasma-cholinesterase in patients 
given suxamethonium. 


5. A preliminary test dose of suxamethonium. 











Descendants of Decamethonium 107 
6. A preliminary test dose of acetylcholine. 


7. Use of an antagonist. 


These suggestions may be considered in the order in 
which they have been given. 


1. The evidence of Durrans (1952) and of Barron 
(1952) implicates central respiratory depression as the 
cause of the prolonged apnoeas seen after suxamethonium. 
It is therefore logical to reduce the doses of drugs such as 
papaveretum and thiopentone, as a means of preventing 
these occurrences. 


2. Other things being equal, it is evident from the data 
published by Thesleff (1952) and by Day (1952) that in 
normal patients the larger the dose of suxamethonium the 
longer it lasts. Hence it is desirable to use the least dose of 
suxamethonium that will give the relaxation needed. This 
dose cannot be foretold in advance; but Bourne (1952) has 
agreed that lower doses than those he initially used are 


generally adequate. 


3. Special caution should be observed when administer- 
ing suxamethonium to sufferers from starvation, liver dis- 
ease or insecticide poisoning; or possibly hypocalcemia. 


4. Routine measurement of plasma-cholinesterase 
might become a possibility, but at present it appears to be 
impracticable. 


would be difficult, especially as the drug should not be 
given to the conscious subject. Where, however, it is 
intended to give suxamethonium repeatedly or by intra- 
venous drip, the first dose (for intubation) can be regarded 
as a test dose (Bourne, 1952). 


5. A preliminary test injection of suxamethonium 
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6. A test dose of acetylcholine would be of little value, 
because it would be destroyed by the cell, or “true”, 
cholinesterase, which has no appreciable effect on suxa- 
methonium. 


7. Although we found in mouse experiments that a 
relatively very high dose of aneurine antagonizes suxa- 
methonium, it was not possible to show antagonism clinic- 
ally with this compound. Theoretically the obvious 
antagonist is plasma-cholinestcrase itself; and Evans et al. 
(1953) report its effectiveness in a few individuals. As 
Lehmann (1952) points out, fresh plasma or whole blood, 
which contains active plasma-cholinesterase, might be use- 
ful. A large transfusion would be needed, however, to raisc 
appreciably the enzyme concentration of the recipient’s 
plasma. 


Mode of action 


There seems no doubt that suxamethonium blocks the 
neuromuscular junction of man and of the cat by “ depolar- 
izing” the motor end-plate. That is to say, it induces a 
state of excitation that prevents further impulses being 
transmitted. Two views as to how this excitation arises 
have been suggested. One is that suxamethonium acts, like 
decamethonium, directly on the end-plate by mimicking the 
action of acetylcholine. This view rests on measurement by 
Paton and Vianna Dias (1949) of the electrical potential of 
the motor end-plate in relation to that of the rest of the 
muscle. Such measurement, as yet unpublished, shows that 
very. small quantities of suxamethonium excite the end- 
plate, although relatively enormous quantities of neostig- 
mine fail to do so. Another view, that suxamethonium acts 
indirectly, by inhibiting the destruction of acetylcholine, 
has been put forward by Evans et al. (1952); and Hall et 
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al. (1953) advance further experimental support, which is 
however based on work in dogs. Several difficulties arise in 
accepting this: (1) it is not easily reconciled with the unpub- 
lished observation of Paton and Vianna Dias; (ii) it seems 
unlikely from the figures of Evans et al. and from other 
evidence that the concentrations of suxamethonium effec- 
tive in paralysing the human body are sufficient appreci- 
ably to inhibit cholinesterase; and (iii) twitches due to 
intravenous injection of suxamethonium in man appear 
without any latency, other than the circulation time, even 
in resting muscles. 
Stability 

The idea that suxamethonium is a very unstable com- 
pound perhaps arises through its rapid disappearance in the 
body and also its rapid destruction when mixed with thio- 
pentone solution, which is alkaline. Suxamethonium 
chloride, on the contrary, forms 2 reasonably stable solution 
in saline, as the experiment illustrated in Table I shows. 

TABLE | 
Response of mice to suxamethonium chloride solution in 


normal saline immediately after preparation and after 
standing at room temperature in daylight. 


No. of mice paralysed to total no. 


1.V. dose in Solution stood 

pg. per kg. Fresh solution 1 day 3 days 21 days 
100 5/20 4/20 4/20 3/10 
200 16/20 17/20 17/20 9/10 


In this experiment the potency of the same 5 per cent solu- 
tion of suxamethonium chloride was examined in mice 
immediately after it was made up and again after it had 
stood at room temperature on a windowsill for 1, 3 and 21 
days. It will be seen from the table that after standing in 
these conditions the potency of the solution was not detect- 
ably altered. 
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Suxethonium 


Malone and Blayney (1952) find suxethonium to be 
rather less potent than suxamethonium and even briefer in 
action. It was first prepared (as 362 I.S.) by Bovet et al. 
(1949) at the Institute Superiore di Sanita in Rome and 
tried clinically by Valdoni (1949). Bovet initially preferred 
this compound to suxamethonium because he thought the 
latter might have certain unwanted side-effects, such as 
salivation and rise in blood pressure. Experience has failed 
to show that suxamethonium causes any salivation in man 
and, though rises in blood pressure have been observed 
(Bourne et al., 1952; Franks, 1952), very high doses are 
required to bring them about in anesthetized patients. 


Ro 3—0386 


R. B. Taylor (1952) has reported the use of a heteropoly- 
methylene-bis-trimethylammonium di-iodide (Ro 3—0386) 
for softening electroconvulsions in man. This compound, 
which is derived from decamethonium by the replacement 
of two adjacent methyl groups of the linking chain by two 
sulphur atoms (Morrison, 1952), appears to be of higher 
potency but of slightly longer duration than suxametho- 
nium. It would thus seem to be intermediate in potency and 
duration between decamethonium and suxamethonium. 
Another dithio compound, similar to Ro 3—0386 in structure 
and activity, was prepared and examined in Ware some 
years ago (E. P. Taylor, 1952b). 


TRUE CURARIZING RELAXANTS 


Molecular Form and Neuro-muscular Block 


It is common to distinguish between relaxants of the 
decamethonium and of the curare type; but Bovet (1951) 
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has suggested that the distinction is one of degree. There 
are several reasons for agreement with this point of view. 
One is that decamethonium itself in some animals appears 
to have a dual action, one part of which resembles curare 
(Zaimis, 1952). Again d-tubocurarine has effects on dener- 
vated muscle like those of acetylcholine (McIntyre et al., 
1945). In fact, since both decamethonium and d-tubo- 
curarine affect the transmission of the nervous message by 
acetylcholine at the nerve-muscle junction, it is simplest to 
suppose that all three substances are absorbed initially on 
the same chemoreceptors of the motor end-plate (Bovet et 
al., 1951; Collier, 1951). The difference between decame- 
thonium and d-tubocurarine may lie in the former com- 
pound carrying the process of mimicking acetylcholine a 
stage further than the latter. The view that the two types 
of relaxant are absorbed initially on the same receptors is 
strengthened by the finding that the peak length of the poly- 
methylene chain for curarizing activity is about the same as 
that in the decamethonium series (Collier, 1952). 

There are other reasons to suggest that the difference in 
mode of action between decamethonium and d-tubocura- 
rine is one of degree. One reason is the existence of com- 
pounds intermediate between these two relaxants, such as 
benzoquinonium. Hoppe (1951) found that benzoquino- 
nium was weakly antagonized by neostigmine, and Randall 
(1951) that it was weakly potentiated by Tensilon, which is 
an antagonist of d-tubocurarine. This property, however, 
may be associated with the anticholinesterase activity of 
benzoquinonium. Another reason is provided by several 
instances of chemical modification that produce a change 
from decamethonium to curare type of action. This change 
can be brought about, for example, by replacing a pair of 
methyl groups at each end of the decamethonium molecule 
by a tetrahydroquinolinium (Collier and Taylor, 1949), or 
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by a tetrahydro/soquinolinium ring (Taylor and Collier, 
1950, 1951), as in Laudolissin (fig. 1). Randall (1951, 1952) 
provides further instances. For example, replacing one 
methyl group at each end of decamethonium by a nitro- 
benzyl group produces the true curarizing substance 
Ro 2-4161 (fig. 1). Likewise, replacing each of the terminal 
benzyl groups of benzoquinonium by a nitrobenzyl group, 
as in Ro 2-4395 accentuates the curarizing activity (see fig. 
2). Again, Zaimis (1952) finds that the tridecamethylene 
homologue of decamethonium exhibits curarizing properties 
in the cat and chick. 


Laudolissin 

Laudolissin is a long-acting curarizing agent. It appears 
to be the first of the descendants of decamethonium to com- 
bine these properties with high potency and lack of side- 
effects. Bodman (1952) reported that a group of volunteers 
found it indistinguishable, subjectively and objectively, 
from d-tubocurarine when given in equipotent dose, except 
that Laudolissin lasted slightly longer. In animal experi- 
ments, also, Laudolissin closely resembles d-tubocurarine 
but it exhibits considerably less hypotensive and ganglion- 
blocking activity (Collier and Macauley, 1952). 

In 236 major surgical operations Bodman, Morton and 
Wylie (1952) found that Laudolissin gave adequate relaxa- 
tion without side reactions, such as changes in pulse rate, 
blood pressure or electrocardiogram, salivation, broncho- 
constriction or hemolysis. Clinically, it was clearly antago- 
nized by neostigmine, as might have been expected from 
experiments in animals and in volunteers. 

These authors also noted certain differences from d-tubo- 
curarine. Laudolissin was somewhat slower in onset and 
longer in duration of action. Because of its slow onset and 
because the vocal cords were not thoroughly relaxed, Bod- 
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Descendants of Decamethonium, by H. O. J. Collier, Brit. J. 
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On page 112, para. 2, line 1, insert after “ agent ” the words: 
“‘ synthesised by E. P. Taylor (1952a), and first described by 
Taylor and Collier (1951) ”. 
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man and his colleagues used suxamethonium for intubation. 
Suxamethonium was also sometimes used to procure 
additional brief relaxation at the end of a long operation. 
Used in this way suxamethonium did not retard subsequent 
recovery from Laudolissin. 

The experience of these anesthetists shows that Laudo- 
lissin can be used successfully as a long-acting curarizing 
agent in major surgical operations. A wider trial is yet 
needed before its value can be fully assessed in relation to 
other drugs. 


SUMMARY AND CONCLUSION 


Consideration of the new muscle-relaxant drugs shows 
that much of recent work stems from the discovery of deca- 
methonium. Progress from decamethonium has been made 
by exchanging some of its simplicity and potency for more 
desirable properties, such as brevity of action, as in suxa- 
methonium, and capacity to be antagonized by neostigmine, 
as in Laudolissin. 
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LONG ACTION OF SUXAMETHONIUM 
(SUCCINYLCHOLINE) CHLORIDE 


By J. G. BOURNE 


St. Thomas's Hospital, London, and 
Salisbury Hospital Group 


N this paper is described a patient who, though young and 

healthy, showed on two occasions a greatly delayed 
recovery from a dose of suxamethonium. The duration of 
action of suxamethonium is briefly discussed and a test dose 
is suggested. A plea is made that the dose, not only of this 
drug but also of thiopentone, should be regulated primarily 
by body weight, and that care should be taken to avoid 
excessive doses of narcotics which may simulate the apnoea 
that occurs when the action of suxamethonium is prolonged. 


Case record. A bus conductress, 25 years old, weighing 100 Ibs. 
(45 kg.), was anesthetised first for the extraction of six molar teeth 
and then for a radical antrostomy. Apart from the local condi- 
tions she seemed healthy and was well nourished. In her medical 
history were no serious illnesses or affections of the liver, and, as 
far as could be ascertained, she had not been in contact with any 
anti-cholinesterase substance. 


Details of these two anesthetics are shown in Table I. 


On both occasions, following the administration of thio- 
pentone and suxamethonium, endotracheal anesthesia was 
conducted with nitrous oxide and oxygen given with arti- 
ficial respiration from a Boyle’s machine. Apart from 
proionged apnoea there was no untoward occurrence, and 


convalescence and return to work was uninterrupted. 
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TABLE | 


The Comparison of Two Anasthetics given to a Patient with 


Low Serum Esterase. 


First Second 
anesthetic anvsthetic 
31/3/52 13/11/52 
Premedication: 
Papaveretum gr. 1/3 gr. 1/6 
(20 mg.) (10 mg.) 
Hyoscine gr. 1/150 gr. 1/150 
(0.44 mg.) (0.44 mg.) 
[hiopentone 750 mg. 500 mg. 
Suxamethonium chloride 100 mg 50 mg. 
Neostigmine 2.5 mg. 
Duration of Apnoea About 34 hrs. 31 mins. 
Duration of assisted About 1 hr. 14 mins. 
respiration 
Plasma-cholinesterase 32 (2/4/52) * 


Her esterase levels, expressed in the units of Callaway et 
al. (1951), together with their normal limits, are shown in 


Table II. 


TaBLe Il 


The esterase levels in the above case. 


Cell Plasma- 
Date cholinesterase cholinesterase 
2/4/52 122 32 
1/5/52 152 39 
13/11/52 Before induction 7 
13/41/32 During recovery of strength 4 
19/11/52 17 
8/1/53 148 18 


Norma! limits 75-142 51-128 
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Through the kindness of Dr. H. W. Kennard, on 
19/11/52 liver function tests were made. These are 


reported in Table ITI. 


TaBLe III 
The liver function tests in the above case. 
Normal 
Limits 
Urine: Bile Salts .... .. Negative — 
Urobilinogen a .. Negative : 
Pigments .. re .. Negative 
Blood: Total Protein 6.2% (5.6-8.5) 
Albumen .. 4.8% (3.4-6.7) 
Globulin .. ais 1.4% (1.2-2.9) 
Alkaline Phosphatase . . 2.8 units (3-13 units) 
Thymol Turbidity 2.0 (0-2.0) 
Thymol Flocculation .. 0 (0-1+) 
Zinc Sulphate p Be (0-4) 
Serum Calcium .. 10.5 mg. per (9-11) 
100 ml. 
Prothrombin estimation 85% 
Serum Bilirubin .. a 0.3 mg. per  (0.2-1.0) 
100 ml. 
Plasma-cholinesterase .. 17 units (51-128) 


Opinion: The only abnormal result is the plasma-cholinesterase. 


DURATION OF ACTION OF SUXAMETHONIUM 


Suxamethonium is short-acting when it is rapidly 
destroyed. von Dardel and Thesleff (1951) and Thesleff 
(1952a) observed considerable variations in the degree and 
duration of paralysis in different patients from the same 
dose of suxamethonium per unit of body weight. They found 
also that neostigmine prolonged the action of the drug. 
Thesleff (1952a) showed that, in any individual, the same 
dose, given repeatedly on the same occasion, produced a 
constant result; and that in a given individual the duration 
of paralysis increased with increasing dose. He found that in 
cats when the logarithm of the duration was plotted against 
the logarithm of the dose an approximately “ straight-line” 
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relationship was obtained. This meant that if the dose was 
doubled the duration of paralysis was increased by about a 
third; or, conversely, to obtain a paralysis of double duration 
the dose must be more than four times as great (Thesleff, 
1952b). 
This principle is confirmed by the following case from my 
series: 
Case record. Female aged 61. Weight 115 Ibs. (52 kg.). Laparo- 


tomy for ovarian cyst. 
Successive doses of suxamethonium were given: 


Suxamethonium 
chloride 57 mg. caused respiratory paralysis lasting 5.35 min. 


300 mg. __,, is mi ‘i 12 min. 
300 mg... i ‘s a 10.5 min. 
50mg... mm ‘ 4.5 min. 


Thesleff (1952a) showed also that when 1.5 mg. of 
neostigmine were administered to a patient who weighed 
110 Ibs. (50 kg.) the duration of paralysis which followed a 
given dose of suxamethonium was almost doubled. 

Since the action of suxamethonium depends for its 
brevity upon rapid hydrolysis by plasma-cholinesterase, 
it is not surprising that, when this enzyme is deficient, the 
action of the drug is prolonged. This deficiency probably 
accounts for most of the cases of long action that have been 
reported. 

It is surprising that very low levels of the enzyme can 
occur in persons who, in every other respect, seem normal. 
Davies (1952) reports: “In certain apparently normal 
persons the plasma cholinesterase levels may be depressed 
below normal limits; in one healthy militiaman the level was 
below measurable limits. Care was taken with this indi- 
vidual to exclude the possibility of his having been in contact 
with any anti-cholinesterase substance.” 

It is the occurrence in the population of individuals with 
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low plasma-cholinesterase that makes it necessary to be 
cautious with the initial dose of suxamethonium. Whether 
or not the relationship between dose and duration of 
paralysis which Thesleff (1925b) found in cats holds also 
in man when the plasma-cholinesterase is below normal 
levels is not yet known. The following case suggests that it 
may not hold and that it is replaced by a different relation- 
ship, a relationship in which a small test dose is more amply 
rewarded by shortening the apnoea, and a heavy initial dose 
more heavily penalised in this respect. 
Case record. Female aged 60. Weight 150 Ibs. (68 kg.). [leostomy 
for ulcerative colitis. 
Successive doses of suxamethonium resulted in respiratory 
paralysis as follows: 


60 mg. suxamethonium chloride 15 mins. apnoea (approx.). 
50 mg. ~ te 12 mins. apnea. 
25 mg. ” a 7 mins. apnea. 


A sample of blood taken at the end of operation contained 7 
units of plasma-cholinesterase. 

The incidence of long-reactors has been found different 
by different workers. In my own series of 1,000 patients to 
whom I gave an initial dose of suxamethonium chloride 
which varied from 0.25 mg. to 0.5 mg. per pound (0.45 kg.) 
I noticed delayed recovery in 15. In these 15 patients the 
longest apnoea was 31 minutes and in only 1 other patient 
did it exceed 15 minutes. In 10 of them the plasma- 
cholinesterase was examined and in 8 of these was found to 
be below normal limits. In the remaining 2 it was near the 
lower limit of normality. 

The levels of plasma-cholinesterase were determined in 
24 other patients in whom recovery from suxamethonium 
was not delayed. In all of these the levels were within 
normal limits. 

Before the occurrence of long-reactors was known, 
accurate dosage with this drug was not thought necessary. 
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It was found that, when a patient recovered quickly from a 
dose that is 0.5 mg. per pound (0.45 kg.), recovery from even 
a very large dose was not greatly delayed. This is illustrated 
by the following example: 

Case record. Man aged 65. Weight 150 Ibs. (68 kg.). Appendic- 

ectomy. 
Suxamethonium was given in successive doses : 
Suxamethonium chloride 75 mg. caused apneea lasting 3 mins. 


(approx.). 
500 mg... = ., 13.5 mins. 
500 mg... a .. 14.5 mins 


Now that it is known, however, that patients may, without 
sign or symptom, possess a plasma-cholinesterase level that 
is grossly subnormal and show a corresponding delay in 
recovery from a clinical dose of this drug, the need for a test 
dose is evident. Thesleff (1952a) said: “. . . . dosage will 
be relatively simple once the patient’s sensitivity is known 
by a ‘test’ dose.’’ I have suggested that the optimum dose 
for intubation lies between 0.25 mg. and 0.5 mg. per pound 
and have advocated that the test should be made at the time 
of intubation (Bourne, 1952). Using “ Scoline”, which is 
a 5 per cent solution of suxamethonium chloride, this dose 
range may be expressed in millilitres as follows: 


Body weight in lbs. Body weight in Ibs. 


20~©~SCté<C 700 mi. 


Experienced anesthetists, who can intubate quickly, will 
find that the lower of these limits is sufficient in nearly 
every patient. But if more time is needed, or if difficulty is 
expected, more drug should be given. It is, however, never 
necessary to exceed the upper limit, and, if this is ignored, 
the anesthetist will, sooner or later, chance to give an exces- 
sive dose to a long-reactor. When this happens he may find 
himself dealing with a patient in greatly prolonged apncea. 


Cc 
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MANAGEMENT OF PROLONGED APNOEA 


When apneea is prolonged the anesthetist must always 
bear in mind the maintenance of (a) narcosis and (6) arti- 
ficial respiration. 

Narcosis. Unconsciousness must be maintained until 
respiration has fully recovered. It is a mistake to stop the 
administration of nitrous oxide and give 100 per cent oxy- 
gen. If this is done there is risk of the patient regaining 
consciousness while still paralysed. When paralysis is com- 
plete there is no sign which indicates that consciousness has 
returned. 

A satisfactory measure is to continue the anesthetic with 
a flow of 6 litres per minute of nitrous oxide (75 per cent) 
and 2 litres per minute of oxygen (25 per cent). With this, 
unconsciousness (or at least amnesia), is assured. 

Artificial Respiration. Artificial respiration by manual 
compression of the breathing bag must be conducted with 
regular rhythm from start to finish. Both respiratory func- 
tions, namely oxygenation and elimination of carbon di- 
oxide, must be properly satisfied. Under physiological 
conditions respiration is entirely and automatically regu- 
lated by carbon dioxide in such a way that the concentration 
of this gas in alveolar air remains constant at about 5.6 per 
cent. In the paralysed patient it is the anzsthetist’s aim to 
imitate and reproduce this automaticity as nearly as he can. 
Orton (1952) has directed attention to the danger of carbon 
dioxide accumulation. If the alveolar partial pressure of 
the carbon dioxide rises too high, a state of ‘ carbon dioxide 
shock’ with paralysis of the respiratory centre may result. 
“Tt is far safer’, he concludes, “ to over-ventilate patients 
than to under-ventilate them”. If carbon dioxide is exces- 
sively eliminated, on the other hand, there is produced a 
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state of acapnia in which spontaneous respiration can be 
held indefinitely in abeyance. 

In adults excessive elimination of carbon dioxide is much 
easier with carbon dioxide absorption techniques than with 
the so-called ‘ semi-closed’ system of the ordinary Boyle’s 
machine. Using the latter it is impossible to ventilate the 
patient in excess of the total volume of gases delivered from 
the machine. With the flowrates mentioned above this is 
8 litres per minute. This also is the volume per minute 
which escapes to the exterior from the expiratory valve. 
For only that volume of gases which is put into the system 
can come out of it. Even if, by vigorously and frequently 
squeezing the bag, 20 or more litres are made to pass in and 
out of the lungs each minute, the effective ventilation can- 
not exceed 8 litres. The remainder may be regarded as 
‘dead-space ’ gases which oscillate between bag and lungs. 
Furthermore, the Boyle’s machine, used in this way, is not 
wholly efficient. Its expiratory valve is designed to close 
with inspiration and open with expiration. With artificial 
respiration it operates in the opposite phase. During ‘ in- 
spiration ’ some of the gases pass into the lungs and some 
are squeezed out of the partly closed valve. During ‘ expira- 
tion’ the valve remains shut and the entire volume of 
expired gases pass back to the bag. These gases, with their 
contained carbon dioxide, then mingle with fresh nitrous 
oxide and oxygen from the machine to form the next ‘ in- 
spiration ’. It is likely, therefore, that with this system the 
greatest possible effective ventilation is always a little less 
than the volume of gases being delivered from the machine. 
In adults under physiological conditions the minute volume 
of respiration at rest is about 7 litres. It is very difficult, 
therefore, using this method with these flowrates, to pro- 
duce in adults a state of acapnia. If the flow of gases is 
restricted, on the other hand, excessive accumulation of 
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carbon dioxide can readily occur, in spite of frequent and 
vigorous inflations. Flowrates such as 2 litres of oxygen with 
2 litres of nitrous oxide are, therefore, deprecated since, 
except in small children, they are bound to result in 
accumulation of carbon dioxide. 

Giving artificial respiration, whether with carbon 
dioxide absorption or a simple Boyle’s machine, I have 
found this formula of 6 litres of nitrous oxide with 2 litres 
of oxygen satisfactory in all patients. Rhythmical manual 
compression of the breathing bag 12 or 15 times a minute 
is kept up and an attempt is made to imitate the breathing 
movements that might be imagined if the patient were 
lying quietly asleep. Artificial respiration is continued in 
this way and all drugs and other counter-measures are 
avoided until spontaneous respiration has returned. Only 
then can the reason for the apnoea be diagnosed with 
certainty. 


DIFFERENTIAL DIAGNOSIS BETWEEN APNOEA DUE TO 
CENTRAL DEPRESSION AND THAT DUE TO PERIPHERAL 
PARALYSIS 

Sometimes when respirations return they are found to be 
slow, deep and infrequent. There is no pause at the peak 
of inspiration and no trachea! tug. Breathing of this kind 
reveals that the continuance of apnoea was due not to 
continued paralysis by relaxant but to narcotic depression 
of the respiratory centre. This differs widely from the kind 
of respiration that is seen during recovery from myoneural 
block. Here the respirations are shallow, jerky and at 
normal or increased frequency. There is a considerable 
pause at the peak of inspiration as well as at expiration, 
giving to respiration the character that Morton (1950) has 
called “ rectangular” or “truncated”. There is a tracheal 


tug. 
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It is surprising how often greatly prolonged apnoea can 
result from depression of the respiratory centre and how 
little narcotic is needed in some patients to produce this 
effect. 

I am indebted to my colleague, Dr. J. D. Laycock, for 
details of the following case which illustrates this point: 


Case record. Female aged 77. Weight 120-130 Ibs. (54-58 kg.). 
Exploration of lump in breast. 

Premedication: morphine gr. | /6 (10 mg.): atropine gr. 1/100 
(0.6 mg.). 

It was remarked that, on arrival in the anesthetic room, she was 
not sleepy. 

Thiopentone 400 mg. was followed by suxamethonium chloride 
100 mg. Endotracheal anesthesia was then continued with 
nitrous oxide and oxygen. 

Five minutes later the patient had recovered from the 
suxamethonium and was coughing and moving strongly. Thio- 
pentone 250 mg. were, therefore, given. This produced qui- 
escence and apnoea which persisted for 30 minutes in spite 
of the administration of carbon dioxide. At the end of this time 
4 ml. of 25 per cent nikethamide (“Coramine ”), given intra- 
venously, resulted in the immediate return of breathing which was 
deep, rapid and accompanied by signs suggesting returning con- 
sciousness. Thenceforward nitrous oxide and oxygen anesthesia 
proceeded smoothly with normal respiration. 


Dr. E. J. O’Mullane has kindly given me details of 
another case: 


Case record. Male aged 24. Weight about 156 Ibs. (70 kg.). 

lonsillectomy was performed on the previous day when he 
appeared healthy and reacted normally to thiopentone 750 mg.. 
suxamethonium chloride 50 mg., and endotracheal nitrous oxide / 
oxygen/trichlorethylene inhalation. Tonsillectomy was followed 
by brisk hemorrhage and it became necessary to ligate bleeding 
points. He was by then anemic, shocked and had a rapid pulse 
which had, nevertheless, a good volume. 

Premedication: papaveretum gr. 1/6 (10 mg.): hyoscine 
er. 1/150 (0.45 mg.). 

He was noticed to be unusually depressed and sleepy from this. 

Induction was with thiopentone 150 mg., followed by suxa- 
methonium 100 mg. Endotracheal anesthesia was then estab- 
lished, using nitrous oxide, 6 litres, with oxygen, 2 litres per 
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minute. Spontaneous respiration returned 44 minutes after the 
injection of suxamethonium. 

Since, after 10 minutes, the patient started to move, thiopentone 
100 mg. was given. This resulted in apnoea which necessitated 
artificial respiration for 10 minutes during which time small quan- 
tities of carbon dioxide failed to evoke spontaneous respiration. 
Apnoea was then terminated by the intravenous injection of 5 ml. 
of 25 per cent nikethamide. 


RELATION OF DOSAGE TO BODY WEIGHT 


For long I have used weight as the main guide to dosage, 
not only of relaxants but also of thiopentone; and I have 
had the weight of patients recorded on the operation list 
posted in the anesthetic room. It seemed reasonable to 
relate dose to weight. The doses of paraldehyde, brometho! 
and thiopentone given rectally have always been expressed 
in relation to body weight. Some authors have defined the 
doses of papaveretum and hyoscine given as premedication 
to children in terms of body weight. If this is helpful when 
drugs are given rectally or subcutaneously, why should it 
not also serve when drugs are given intravenously? Do not 
pharmacologists express their results in terms of milligrams 
per kilogram of animal? It is not denied that factors other 
than weight influence dose. This is shown by the last two 
cases quoted above. But most patients are neither unduly 
sensitive nor excessively resistant to narcotics, and I have 
found then that the dose both of thiopentone and of 
suxamethonium can be reduced to a rule of thumb. Even 
in others who are frail and sensitive, or, being vigorous or 
perhaps habituated to a nightly sleeping draught, are 
resistant, it would be helpful, I think, to express the dose 
of thiopentone, not as x’ ml. or ‘y’ g., but as ‘z’ mg. per 
pound (or kg.). 

Experience has taught me that in ‘normal’ patients, 
when premedication has not exceeded papaveretum 
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gr. 1/6 (10 mg.) + hyoscine gr. 1/150 (0.45 mg.), or 
in children half these quantities, a dose of thiopentone that 
is 5 mg. per pound, followed by nitrous oxide and oxygen, 
provides smooth anesthesia. In frail patients great caution 
is needed. Premedication with papaveretum should be re- 
duced or omitted; the dose of thiopentone should be reduced 
to 2.5 mg. or even 1 mg. per pound (0.45 kg.), further doses 
being given later if it is found necessary. 

In another investigation I found that when a dose 
of thiopentone that was 1 mg. per pound (0.45 kg.) was 
given to 24 ‘normal’ unpremedicated patients, who dif- 
fered widely in weight, and was followed by an inhalation 
of either 84 per cent nitrous oxide or 50 per cent cyclopro- 
pane in oxygen, 22 of them did not remember anything 
following the intravenous injection. The remaining 2 were 
conscious only for a few seconds of the mask applied to the 
face. It is thought that, in these two, insufficient time had 
been allowed for thiopentone to take full effect. It seems, 
therefore, that the so-called ‘ sleep dose’ of thiopentone is 
approximately 1 mg. per pound (0.45 kg.). 

If great care is taken to avoid excessive narcosis; if, after 
induction of anesthesia, the patient’s reaction to a small 
dose of suxamethonium is tested; and if, during apneea, 
artificial respiration is conducted in such a way that, not 
only is oxygenation cared for, but carbon dioxide also is 
eliminated in proper amount, then, it is believed, greatly 
prolonged apnoea following suxamethonium will no longer 
be reported. When this is so, the use of an antidote such as 
‘ Cholase ’, which has been reported by Evans et al. (1952) 
and (1953) and by Hall et al. (1953), will not be necessary. 
Furthermore, without these precautions it is possible that 
‘ Cholase ’, which is likely to be an expensive compound, 
may be wrongly used and fall into discredit. 
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SUMMARY AND CONCLUSIONS 


1. A patient is described who showed a delayed recovery 
from suxamethonium on two occasions. Her esterase levels 
and liver function were estimated. 

2. The duration of action of suxamethonium is discussed 
and a test dose related to body weight is suggested. 

3. In the management of prolonged apnoea the need is 
stressed for continued narcosis together with an artificial 
respiration which will ensure not only oxygenation but also 
proper elimination of carbon dioxide. 

4. In order to avoid excessive narcosis which may simu- 
late paralysis by a relaxant, it is suggested that the dose of 
thiopentone should be governed primarily by the weight of 
the patient. Five mg. per pound (0.45 kg.), used in con- 
junction with light premedication and nitrous oxide/oxy- 
gen anesthesia, has been found satisfactory in most 
patients. In frail patients however the dose should be re- 
duced to 2.5 mg. or even 1 mg. per pound (0.45 kg.). 

5. It is believed that if care is taken to avoid excessive 
narcosis, to employ always a test dose of suxamethonium 
and to perform artificial respiration correctly, antidotes 
such as ‘ Cholase’ would not be necessary. 


I am greatly indebted to Mr. D. R. Davies. through whose 
kindness all esterase estimations were made. 
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CONTINUOUS SUXAMETHONIUM FOR 
RELAXATION IN ABDOMINAL SURGERY* 


By MARK SWERDLOW 
Salford Royal Hospital 


SS emigene pe produces relaxation which is rapid both 
in onset and termination. By administering the drug as 
a continuous intravenous infusion (Thesleff and v. Dardel, 
1951; Foldes, 1952), the anesthetist is afforded the utmost 
flexibility in the control of relaxation. 


TECHNIQUE 

The anesthetic technique which I use is as follows: 
premedication in the average adult is with Omnopon gr. 1/3 
(20 mg.), and scopolamine gr. 1/150 (0.4 mg.). On the 
arrival of the patient in the anesthetic room his larynx is 
anesthetized with 2 per cent amethocaine solution. Before 
anesthesia is induced a suxamethonium drip is instituted 
and adjusted to run at a few drops per minute. It is essential 
that the drip be absolutely free-running, and a careful watch 
must be kept throughout the operation against any kinking 
or outside pressure on the tubing. Furthermore, it is advis- 
able to check the rate of flow from time to time to apprehend 
spontaneous alterations in drip rate. The solution consists 
of 400 mg. suxamethonium in 250 ml. normal saline. When 
it is anticipated that the operation will last longer than 1: 
hours, 500 ml. of the solution are prepared. Eight to ten 
ml. of 5 per cent sodium thiopentone solution are now 
injected into another vein and the drip speeded up to about 
25 drops per minute for the intubation. As suxamethonium 

* Based on a paper delivered to the Surgical Section of the Manchester 


Medical Society. 
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is rapidly destroyed in an alkaline medium, sodium thiopen- 
tone cannot be given via the drip. The patient is then intu- 
bated under direct vision and the throat packed. Light 
anesthesia is maintained by a thiopentone-gas-oxygen 
(6: 2) sequence using a semi-open circuit, frequently with a 
Waters’ absorber. From now on the degree of relaxation 
can be rapidly and easily adjusted to the needs of the 
surgeon by changing the rate of the drip. When the peri- 
toneum has been closed the drip is stopped. For the happiest 
results the co-operation of the surgeon is necessary in the 
assessment of the degree of relaxation. 


RESULTS 


I have used this technique for 116 abdominal operations, 
the duration of which ranged from 26 minutes to 4 hours 15 
minutes. In 3 cases only has any aberrant action of suxa- 
methonium been seen. In these cases, one of which has been 
reported in detail elsewhere (Swerdlow, 1952), during the 
course of an otherwise satisfactory administration, there 
appeared a temporary decrease in the rate of suxametho- 
nium breakdown with consequent symptoms of overdosage. 
In a further 8 cases relaxation was not entirely satisfactory 
throughout. Except in the 3 cases cited above, spontaneous 
respiration was present throughout, requiring no assistance 
save during periods of profound relaxation, and the respira- 
tion was always deep within 6 minutes after stopping the 
drip. In the majority of the patients the cough reflex was 
present on extubation. In one case only was there a pro- 
gressive rise in blood-pressure as reported by Bourne et al. 
(1952). 

COMMENT 

The advantages of the method are as follows: 

1. Safety—this follows from the low toxicity of suxa- 
methonium and its freedom from side effects. 
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2. Flexibility—the anesthetist has minute-to-minute 
control of the relaxation. Thus in a gastroenterostomy, for 
example, after providing a high degree of relaxation for the 
exploration, the paralysis can be lightened for the anasto- 
mosis and then deepened again for the closure, much as the 
skilful anesthetist used to regulate ether dosage. In opera- 
tions where a self-retaining retractor is employed (e.g. 
hysterectomy, prostatectomy) the degree of relaxation can 
be reduced while the retractor is in position. The muscle 
tone and respiratory depth thus retained by the patient are 
particularly advantageous during such operations in the 
Trendelenburg position. Further, if the operation proves 
shorter than had been anticipated, the muscular paralysis 
can rapidly be terminated. 

3. Using this technique the time during which profound 
relaxation is present is minimized. The muscular support 
to the veins thus retained together with the “ respiratory 
pump ” action of the accompanying deeper respiration aids 
venous return and hence the cardiac output. 

4. The rapid return of the cough reflex increases the 
safety of the immediate post-operative period. 

5. The rapid return of muscle tone and respiratory depth 
at the end of the operation should play a part in reducing the 
incidence of post-operative chest complications. 

6. The rapid return of muscle tone should militate 
against the occurrence of post-operative thrombosis. 


DISADVANTAGES 
1. The method takes a little longer than the orthodox 
techniques using the longer acting relaxants. For opera- 
tions requiring less than about 20 minutes’ relaxation it 
would probably be more practical to administer suxametho- 
nium by intermittent injections. 














Continuous Suxamethonium for Relaxation 133 


2. Setting up and maintaining a “ drip” is more trouble 
than giving a few intravenous injections. 

3. In some individuals the rate of cholinesterase produc- 
tion does not appear to keep pace with the rate of suxa- 
methonium administration. 


CONCLUSIONS 


The use of a continuous intravenous infusion of suxa- 
methonium during anesthesia produces abdominal relaxa- 
tion in a manner which appears to offer advantages to the 
patient and merits further trial. 
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CONTROLLED HYPOTENSION IN THEORY 
AND PRACTICE* 


By J. P. PAYNE 
Department of Anesthetics, 
University of Manchester 


I has been said, with an element of truth, that progress in 
surgery is dependent upon advances in the field of anzs- 
thesia. 

The development of induced hypotension as an adjuvant 
to surgery is an excellent example of this interdependence. 
Fundamentally unrelated to anesthesia, the techniques have 
been evolved almost exclusively by anzsthetists, who must 
be prepared to accept responsibility for the management of 
such cases. This, however, is but one example of the exten- 
sion of the anzsthetist’s duties in recent years. Today, he 
is expected to modify, disturb or otherwise alter basic 
physiological functions to meet the increasing demands of 
modern surgery. It behoves him therefore to be not only 
willing to accept these new responsibilities but also to be 
capable of undertaking them. Such capability presupposes 
a knowledge of basic physiological principles together with 
an understanding of the modifications produced by clinical 
intervention. 

This paper is an attempt to correlate these factors as 
applied to induced hypotension and to discuss, within a 
limited experience, their practical application. 

Under normal physiological conditions, the blood pres- 
sure is maintained by a finely adjusted balance between two 


* Based on a paper read to the Scottish Society of Anesthetists on 


16th April, 1952. 
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fundamentally different mechanisms, the volume of circu- 
lating blood on the one hand, and the capacity of the vas- 
cular bed on the other. 

The production of induced hypotension is based on the 
disruption of one or other of these mechanisms. Before 
going on to discuss the physiology of this state of induced 
hypotension, it may be convenient to review briefly the 
classical conceptions of blood pressure control. 

In its simplest sense, blood pressure is the product of 
cardiac output and peripheral resistance. A fall in blood 
pressure, then, may be produced by a reduction in cardiac 
output or by a diminished peripheral resistance, or by a 
combination of both. 

Cardiac output is influenced by a number of factors in- 
cluding the force and rate of the heart. In the presence of 
a normal myocardium, however, the most important factor 
is the volume of blood returning to the right auricle. 
But, in the absence of an adequate venous return, an in- 
crease in the force and rate of the heart will not maintain 
output. 

Normally, a positive pressure exists between the peri- 
pheral veins and the right heart. This pressure is the 
principal driving force by which blood is returned to the 
right auricle. In addition the venous return is assisted by a 
number of subsidiary forces. Both the contractions of the 
heart and the expansion of the lungs act to draw blood into 
the chest, and the normal tonic contractions of muscle 
squeeze blood centrally towards the great veins, while the 
veins themselves are under vasomotor control, so limiting 
their capacity. 

Peripheral resistance can be defined as the resistance 
offered to the blood flow by the minute vessels. The degrec 
of resistance is dependent primarily on active changes in the 
calibre of the vessels. These changes are under the control 
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of nervous, chemical and physical influences acting cen- 
trally, reflexly and directly on the vessels themselves. 

Normally, the tone of the vessels is maintained through 
vasoconstrictor fibres relayed from the vasomotor centre. 
However, a degree of autonomy is superimposed on this 
neurogenic control, for the minute vessels may alter their 
calibre in response to the direct effects of metabolite 
accumulation. 

Induced hypotension may be either hypovolemic or 
normovolemic, depending upon whether the volume of 
circulating blood is reduced or whether the capacity of the 
vascular bed is increased. 

Hypovolemic hypotension is obtained by deliberate 
arterial bleeding in order to reduce the circulating blood 
volume. Control of bleeding by this method was first des- 
cribed by Gardner in 1946. Three years previously Kohl- 
staedt and Page (1943) published a method for producing 
hemorrhagic shock in dogs by arterial bleeding. These 
workers demonstrated that recovery was both more rapid 
and more certain if the blood was returned by the arterial 
route, and suggested that intra-arterial transfusion had a 
clinical application in the treatment of shock. They des- 
cribed three such cases treated by intra-arterial plasma. In 
1951, Bilsland reviewed a series of 63 cases of induced 
hypotension by arteriotomy. His results on patients under- 
going craniotomy are encouraging. 

The technique has a limited application, being confined 
almost entirely to neurosurgery, where the control of bleed- 
ing is a major problem. A large number of patients about 
to undergo craniotomy suffer from increased intra-cranial 
tension. The oedematous brain limits accessibility and 
oozing of blood obscures the operating field. Adequate 
hemostasis is time-consuming and often difficult to obtain. 
Finally, the volume of blood lost hinders recovery and, 
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indeed, in some cases endangers life. Arteriotomy by 
lowering the systemic blood pressure reduces not only the 
brain volume but also the venous ooze. Hemostasis is ob- 
tained easily and the volume of blood lost is considerably 
diminished. 

The effect of hemorrhage on the body is dependent on 
the volume of blood lost and the rate at which this loss 
occurs. The immediate effect of a moderate loss of blood is 
a fall in blood pressure. McMichael and Sharpey-Schafer 
(1944) have demonstrated the sequence of events by which 
this fall is produced. The lowering of the blood volume 
diminishes the pressure in the great veins. This is followed 
by a reduction in the volume of blood reaching the right 
auricle, cardiac output is consequently diminished and the 
blood pressure falls. With the fall in blood pressure, 
afferent stimulation through the sino-aortic nerves is re- 
duced, with the result that their inhibiting influence on the 
cardiac sympathetic is relieved and the heart rate is cor- 
respondingly increased. 

The compensatory response of the body to hemorrhage 
is well known. Initially, the peripheral vascular bed adjusts 
its capacity to the reduced blood volume by vasoconstric- 
tion. Consequently, the pressure rises, tending to stabilize, 
usually at a pressure lower than normal, but occasionally a 
hypertensive response is obtained. The balance, however, 
is a precarious one and any additional loss will precipitate 
a further fall. Indeed, this phase may occur without addi- 
tional blood loss if the compensatory stage has been pro- 
longed without adequate therapy. With the development 
of this decompensatory period, the peripheral bed loses its 
ability to restrict the circulation effectively; the venous 
return is reduced still further and the cardiac output falls. 
Such a state may rapidly become irreversible. 

Control of bleeding in induced hypovolemic hypotension 
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may therefore be said to be dependent on the limitation 
imposed on a reduced circulating blood volume by a marked 
vasoconstriction of the peripheral vascular bed. On the 
other hand, in normovolemic hypotension control of bleed- 
ing is dependent on a great increase in the capacity of the 
vascular bed relative to the circulating blood volume. 

The fall in blood pressure subsequent to spinal analgesia 
has been recognized since the introduction of the technique. 
Until recently this fall in blood pressure has always been 
regarded as a complication of the method and every pre- 
caution taken to guard against it. In 1948, Griffiths and 
Gillies, working in Edinburgh, demonstrated that the dan- 
gers had been exaggerated. They used spinal analgesia 
with the deliberate intention of reducing blood pressure, 
and showed that, subject to certain requirements being ful- 
filled, such hypotension was not to be regarded as dangerous 
but, indeed, as a most desirable state for surgery in many 
fields. 

The total spinal technique of induced hypotension neces- 
sitates the successful depositing of an anesthetic drug in 
the sub-arachnoid space in sufficient quantity to obtain 
paralysis of the entire sympathetic outflow. Such a drug 
has a selective action on the nerve fibres exposed to its 
influence. Depression of function appears to be related to 
two factors, the diameter of the individual fibre and the 
degree of myelinization. Fine fibres have been shown to 
be more rapidly anesthetized than thick ones, while un- 
medullated fibres are depressed more quickly than the 
medullated type. Clinically, the sympathetic fibres are 
depressed more rapidly and by a lower concentration of 
anesthetic drug than any other type of fibre. Sensory fibre 
depression is intermediate between that of sympathetic and 
motor depression. 

As a result of inactivation of the sympathetic outflow, 
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the vasoconstrictor fibres are paralysed. The arterioles 
dilate and the peripheral resistance falls. Under normal 
physiological conditions, collapse of the blood pressure is 
prevented by an increased cardiac output. Under spinal 
analgesia this mechanism is inhibited by the reduction in 
venous return and by the depression of the sympathetic 
cardio-accelerator fibres. 

A number of factors combine to reduce the venous return. 
The veins in the body are subject to the same vasomotor 
control as the arterioles, consequently, the depression of 
vasoconstrictor impulses results in veno-dilatation. The 
extent of this veno-dilatation has yet to be determined but 
there is little doubt that it adds considerably to the capacity 
of the vascular bed. The venous return is further handi- 
capped by the paralysis of the abdominal and intercostal 
muscles. Respiratory excursion is diminished, thereby re- 
ducing the negative pressure in the thorax. The suction 
pump action of the thorax is dependent on the extent of this 
negative pressure. At the same time, the general voluntary 
muscle paralysis reduces the pumping action on the venous 
circulation. 

Depression of the sympathetic outflow implies a consc- 
quent preponderance of the parasympathetic system. 
Following total spinal analgesia this preponderance is to all 
intents and purposes vagal, for the sacral parasympathetic 
outflow is depressed together with the sympathetic. The 
vagus exerts a continuous restraining action on the rate 
of the heart and, following depression of the sympathetic, 
this action is unopposed. The heart rate is slow, the 
force of cardiac contraction is lessened and the cardiac 
output falls. 

Total spinal analgesia therefore produces hypotension by 
reducing both the cardiac output and the peripheral resis- 
tance. 
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A later development in the production of normovolemic 
hypotension has been the introduction of the group of 
drugs described as ganglion blocking agents. Following 
the suggestion by Paton and Zaimis (1948) that hexa- 
methonium had an obvious clinical application in the 
treatment of hypertension and other vascular diseases, 
Arnold and Rosenheim (1949) described its use in the treat- 
ment of the hypertensive patient. In February 1950, Arm- 
strong Davison published a paper drawing attention to the 
use of pentamethonium in the production of a bloodless 
operating field. This was followed in June 1950 by 
Enderby’s description of hypotension in anesthesia induced 
by means of the ganglion blocking agents. 

The drugs used are closely related synthetic compounds 
belonging to the methonium series, of which hexametho- 
nium bromide is probably the most popular. This drug 
produces its effect by competition block of autonomic 
ganglia without initial excitation. The compounds have a 
selective action on the ganglia and the selection seems to 
vary with the agent used. 

To reiterate, normovolemic hypotension is produced by 
greatly increasing the capacity of the vascular bed relative 
to the volume of circulating blood. The capacity of the 
vascular bed depends upon the degree of dilatation of the 
arterioles, capillaries and veins, all of which are directly 
affected by the action of the methonium compounds. The 
failure of the vasoconstriction is manifested clinically by an 
increase in skin temperature, an increase in limb volume 
and the presence of visibly distended peripheral veins. 

The fall in blood pressure differs from that obtained as a 
result of spinal block in so far as when recovery appears to 
be complete in the recumbent patient, the adoption of the 
upright position is accompanied by an immediate fali in 
blood pressure. Paton (1951) suggests that this is due to 
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pooling of blood in the veins, the tone of which, he postu- 
lates, recovers more slowly than arterial tone. The 
degree of hypertension is less predictable with the ganglion 
blocking agents than with sub-arachnoid block, and there 
would appear to be some truth in Paton’s contention that 
ganglia which are abnormally active are more susceptible 
to the effects of these drugs. 

Having discussed the theory of controlled hypotension, 
we can now examine the problem of its practical applica- 
tion. 

In the management of patients undergoing arteriotomy, 
the blood pressure is generally lowered to a level of 80 mm. 
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Operation: Left Fronto-temporal Craniotomy. 
Anesthesia: local infiltration, thiopentone 1.0 g, N,O +O, +Trilene 
Arteriotomy: blood withdrawn, 900 ml.: replaced 770 ml 
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Hg by arterial bleeding. To achieve this, the volume of 
blood it is necessary to remove varies considerably. In my 
own cases, the smallest volume was 600 ml., and the largest 
nearly 2,000 ml. Despite this difference the pattern of the 
response is very similar in each case. 

The immediate reaction is a rise in pulse rate and almost 
simultaneously a fall in blood pressure occurs. The tachy- 
cardia usually persists throughout the operation, increasing 
when the pressure falls and diminishing when it rises. 
Figure 1 demonstrates that almost invariably where a spike 
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occurs in the pulse tracing an inverted spike appears on the 
blood-pressure record. The respiratory rate in most cases 
tends to increase, particularly towards the end of the opera- 
tion and more especially if the procedure has been pro- 
longed. A persistent increase in respiratory rate is regarded 
as an anoxic manifestation and an indication for blood 
replacement. 

Once the pressure is stabilized at 80 mm. Hg, the occur- 
rence of a further fall in blood pressure can be overcome 
by the intra-arterial infusion of 50-100 ml. of blood, which 
usually restores the pressure to its former level within a 
minute. Figure 2 illustrates the exception. In this case, a 
brisk hemorrhage occurred from a venous sinus and more 
than 700 ml. of blood were required before the pressure 
was stabilized. Such an incident demonstrates the necessity 
for a careful watch on the operating field; by so doing, the 
anesthetist can frequently anticipate blood loss and by 
taking the necessary action, save himself considerable 
anxiety. 

Hypotension by arteriotomy is accompanied by an inten- 
sive vasoconstriction manifested clinically by facial pallor 
and a cold, clammy skin. This vasoconstriction, though 
generalized, is not uniform, being more obvious in the face 
and lower limbs. 

Corneille Heymans (Heymans, 1950) explains facial 
pallor on the basis that the extra-cranial tissues, and par- 
ticularly the blood vessels of the face, act as a shunt or 
reservoir for the protection and stability of the cerebral 
blood flow. Accordingly, when hypotension occurs, it is 
accompanied by intensive vasoconstriction of the facial 
blood-vessels in an endeavour to maintain the blood flow 
to the brain. Conversely, any hypertensive episode will 
provoke vasodilatation of these vessels. 

The lack of uniformity in the vasoconstrictor response is 
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well demonstrated by the reaction in the limbs. Typically, 
after the onset of hypotension, percutaneous needling of a 
vein for intravenous infusion is almost impossible in the 
lower limbs, yet the same manceuvre is performed relatively 
easily in the arms. In one case where a leg vein was exposed, 
vasoconstriction was so marked that bleeding did not occur 
when the vein was opened. 
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Operation: Removal of Sphenoidal Ridge Meningioma. 
Anesthesia: thiopentone 1.0 g, N,O+0,,. 
Arteriotomy: blood withdrawn, 1920 ml. ; replaced 2760 ml. 

Figure 3 demonstrates a case where nearly two litres of 
blood were removed from the patient before his blood 
pressure fell to a satisfactory level. It was then maintained 
at that level for more than five hours before signs of stress 
developed. At this stage, the pulse rate was suddenly re- 
duced from 130 beats per minute to 65, concurrently the 
systolic, diastolic and pulse pressures fell and the respira- 
tory rate was slightly depressed. Intra-arterial infusion 
brought about a slight improvement which, however, was 
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not maintained and the blood pressure again fell alarmingly 
to an even lower level, namely 45/30. The rate and volume 
of. the intra-arterial infusion was increased with good 
effect. After the addition of 500 ml. of blood, the intra- 
venous injection of Methedrine restored the blood pressure 
to a more satisfactory level. 

The explanation of this sudden decline in blood pressure 
and pulse rate is difficult. Wiggers (1947) and his col- 
leagues regard the slowing of the heart after an initial 
acceleration following hemorrhage as a dangerous develop- 
ment and a sign of myocardial asphyxia. If resuscitation is 
neglected, a significant depression of respiration follows, 
the blood becomes inadequately oxygenated and the heart 
slows still further and finally stops, death being due to 
myocardial failure. Chambers and Zweifach (1944), on the 
other hand, consider the development of such a circulatory 
collapse as a manifestation of peripheral circulatory failure. 
In their opinion, the primary response to blood loss is a 
period of compensatory activity. During this period, vaso- 
constriction enables the capillary bed to adjust itself to the 
diminished blood volume. A subsequent decompensatory 
period occurs during which time the vascular bed loses its 
ability to restrict effectively the circulating blood volume. 
This decompensatory phase is not regarded as due to a 
failure of neurogenic impulses but rather to interference 
with the response by the progressive accumulation of vaso- 
dilator material. In all probability both elements contri- 
buted to the onset of the circulatory collapse in this case. 

Induced hypotension by the total spinal technique pre- 
sents a very different clinical picture from hypotension 
produced by bleeding. The decline in blood pressure is 
both more abrupt and more profound. The pulse pressure 
is markedly reduced almost at once but there is no tachy- 
cardia. A normal pulse rate or a bradycardia is the rule. 
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The patient rarely shows facial pallor, more often a healthy 
pink colour prevails, the skin is hot and dry, and visibly dis- 
tended peripheral veins are prominent in the dependent 
parts. 

The elderly, slightly arteriosclerotic patient with a high 
pulse pressure is usually a good subject for this technique, 
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Operation: Exploration and Biopsy, Sacral Tumour. 
Anesthesia: thiopentone 0.6 g, N,O+0O,; heavy cinchocaine 1.5 ml. 
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as can be seen in figure 4. A satisfactory fall in blood 
pressure was obtained with a 1.5 ml. of heavy cinchocaine 
(cinchocaine was preferred to procaine, being the longer 
acting drug). While the biopsy was being obtained a venous 
sinus was opened in the tumour mass and a moderate but 
brisk hemorrhage resulted, transforming the benign hypo- 
tensive state into a highly dangerous one. 1,200 ml. of blood 
were given in less than thirty minutes before the patient’s 
condition was regarded as satisfactory. 

It is worth noting that although, in this case, the rapid 
pulse was accompanied by a fall in blood pressure, fre- 
quently the only indication, apart from the obvious bleeding 
in the operating field, is the alteration in pulse rate. 

This account serves to emphasize that blood loss in a 
patient under total spinal analgesia is much more serious 
than an equivalent loss in a patient either conscious or under 
general anesthesia. Normally when hemorrhage occurs a 
reflex vasoconstriction ensures an adequate blood supply to 
the vital centres and the heart. Under total spinal analgesia, 
this compensatory mechanism is inhibited and peripheral 
failure results. Blood loss is one of the ever present risks of 
controlled normovolemic hypotension and must always be 
anticipated. 

Occasionally paralysis of the sympathetic outflow is 
incomplete and is manifested by a less profound fall in 
blood pressure. This is due to a marked vasoconstriction of 
the blood-vessels of the head and neck and is to be regarded 
as a compensatory vasoconstriction, the mechanism of 
which has already been discussed. Accompanying it there 
is a considerable loss of sweat from the same area. Nor- 
mally, activation of the sweat glands is by sympathetic 
nerve impulses (Kuntz, 1934), consequently paralysis of 
the sympathetic outflow inhibits the secretion of sweat. If, 
however, the paralysis is incomplete, there is increased 
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sudomotor activity of the unaffected area of skin, and this 
also must be regarded as a compensatory mechanism. The 
secretory output of the sweat glands is determined to some 
extent by the cutaneous blood flow, but only if the activity 
of the glands is prolonged (Kuno, 1934). Under normal 
physiological conditions the cutaneous circulation has little 
influence on the secretion of sweat, which may continue even 
in the absence of skin blood flow. Such activity can be 
demonstrated by the fact that nerve stimulation can elicit 
sweat secretion in a newly amputated limb (Kuntz, 1934). 
From the anesthetic aspect, this sweat secretion is an 
important potential source of fluid loss which may be over- 
looked in the assessment of such loss. 

Depression of sudomotor activity is a constant feature of 
the action of ganglion blocking agents. Unfortunately the 
degree of hypotension is less predictable. Furthermore, 
with this technique the most satisfactory bloodless field is 
not necessarily associated with the greatest fall in blood 
pressure. This is as yet unexplained. Typically the systolic, 
diastolic and pulse pressures are low and a mild tachycardia 
is common. The skin is hot and dry and frequently flushed, 
particularly in dependent areas. Burt and Graham (1950) 
measured the limb blood flow in patients under the influence 
of these drugs. They demonstrated that the increase in 
blood flow was more marked in the legs than in the arms. It 
is worth recalling at this stage that during hypovolemic 
hypotension the degree of venoconstriction was greater in 
the lower limbs than in the upper limbs. A possible ex- 
planation is the fact that owing to the more highly specia- 
lized development of the upper limbs the basal blood flow 
requirements are correspondingly higher. 

The following two cases are worthy of mention. Figure 5 
demonstrates what appears to be an abnormal response to 
hexamethonium bromide, Immediately after the intra- 
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Operation: P.I.D. Exploration and Laminectomy. 
Anesthesia: thiopentone 1.0 g, N,O+0O,+Trilene. 
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venous injection of 50 mg. of the drug the blood pressure 
rose to 180/110, the pulse pressure increased and a marked 
tachycardia developed. This reaction was short-lived, 
however, and the pressure soon dropped to a satisfactory 
level, moderate tachycardia persisted until the pressure was 
raised towards the end of the operation by intravenous 
Methedrine, 10 mg., when the pulse rate dropped to normal. 
A possible explanation for this response is the release from 
vagal tone brought about by the action of hexamethonium 
bromide on hyperactive vagal ganglia. It is known that the 
action of the methonium compounds is increased in the 
presence of hyperactivity. 

The second case is that of an elderly woman undergoing 
a pelvic floor repair for vaginal prolapse. Her condition, 
having been entirely satisfactory throughout the operation, 
suddenly deteriorated after transfer from the theatre table 
to the trolley. Two factors probably contributed to her 
collapse. Firstly, redistribution of blood in the horizontal 
position after having been lowered from the lithotomy 
position, and secondly, careless handling from the theatre 
table to the trolley. Fifteen milligrams of intravenous 
Methedrine brought an immediate response. Nevertheless, 
this is but another illustration of the precarious state of the 
circulation during induced hypotension and serves to 
emphasize the constant care that is required in the manage- 
ment of such a case. 

An outstanding feature of patients with a low blood pres- 
sure is the ease with which anesthesia is maintained. At 
pressures below 50 mm. Hg it seems probable that patients 
would remain asleep without any anesthesia. In patho- 
logical states such as surgical shock, Addisonian crises, or 
sunstroke, the combination of drowsiness associated with 
hypotension is well recognised. Consideration of the 
mechanism is handicapped by lack of knowledge of the 
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nature of consciousness. William James (1904) considers 
consciousness as such to be of secondary importance. He 
regards it as entirely dependent on experience and states: 
‘* Consciousness is the name of a nonentity and has no right 
to a place among first principles. Those who still cling to 
it are clinging to a mere echo, the faint murmur left behind 
by the disappearing ‘soul’ upon the air of philosophy.” 
The idea that consciousness is the outcome of experience 
is not confined to philosophers. Purdon Martin (1949) has 
pointed out that consciousness is maintained by an “ aware- 
ness of the body and of the environment.” He quotes the 
case of a patient subsequently found to have a pontine 
hemorrhage involving the medial and spinal fillets. When 
the bleeding was confined to one side this patient was drowsy, 
and anesthetic on the opposite side of the body. When the 
hemorrhage spread to involve both sides, the sensory loss 
was bilateral and the drowsiness became extreme, so that 
when she closed her eyes she became unconscious and could 
only be roused when the eyes were forcibly opened. He 
considers that from the point of view of organic neurology, 
consciousness is dependent upon afferent impulses exerting 
their influence on a cortex activated by the hypothalamus, 
the function of which is thought to be purely vegetative. 
Recent work in psychiatry (Lovett Doust, 1951) has 
shown that a depression of consciousness, or a ‘ want of 
awareness ’, occurring in schizophrenics is associated with 
a reduced arterial oxygen saturation level. ‘The same author 
(Lovett Doust and Schneider, 1952) has drawn attention to 
the relationship existing between arterial oxygen saturation 
level and the depth of sleep. Hill (1952), however, stated 
in criticism—*‘‘ The anoxia found in deep sleep is not its 
cause but the result of immobility which slackens the 
circulation by removing the pumping action of the muscles 
which in activity reinforces the action of the heart.” 
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Such views are important to the anesthetist in assessing 
the cause of drowsiness or unconsciousness following in- 
duced hypotension. In high spinals until recently anoxia 
has been regarded as the cause. Macintosh (1950), from 
personal experience, has testified that the higher analgesia 
spreads, the more the awareness of the body is diminished. 
The lack of awareness in such cases is undoubtedly due to 
a direct depression of the spinal roots by the analgesic agent. 
This explanation, however, cannot be accepted in the case 
of the methonium compounds. Recently Pask (1952) has 
thrown some light on this problem. While experimenting 
on the spinal cord, he was able to show that a fall in blood 
pressure could inhibit transmission of nerve impulses to the 
same degree as deep general anesthesia. It is postulated 
that as a consequence of the fall in blood pressure, the 
amount of oxygen available to the tissues is reduced. It has 
been proved that in the presence of hypoxia the functional 
cells of such organs as the kidney and liver lose their speci- 
ficity without detriment to the organ until the hypoxia has 
been relieved. In a like manner, it is suggested that the 
individual nerve cells lose their specificity without suffer- 
ing total suppression of function. Such a hypothesis is in 
keeping with modern theories on the action of anesthetic 
agents. According to Quastel and Wheatley (1932) the 
action of narcotic drugs is dependent upon an inhibition of 
carbohydrate metabolism within the nerve cell. This inhi- 
bition limits the ability of the cell to obtain the necessary 
energy for the maintenance of function. They succeeded in 
demonstrating that in the narcotized cell the only oxidation 
taking place is that of succinic acid and they believe that 
although insufficient energy is liberated from this reaction 
to allow function there is sufficient to maintain life in the 
cell. In a study of hypoglycemic coma, Lawrence and his 
colleagues (Lawrence, Meyer and Nevin, 1942) discovered 
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a reduction in the oxygen utilization of the brain manifested 
by a diminished arteriovenous oxygen difference. They 
explain this by the fact that although oxygen is freely 
available there is no substrate to be oxidized. 

Despite the foregoing concepts of consciousness pre- 
sented by philosophers, ncurologists, physiologists, and bio- 
chemists, it must be admitted that our knowledge of the 
nature of unconsciousness is not much further advanced. 
The explanation for this failure may be in our approach to 
the problem. Sinclair (1951), discussing the fundamentals 
of knowledge, has drawn attention to the fact that our 
theories of perception are based largely on the theories of 
vision and touch. He points out that what is typical of the 
latter need not be true for all perception and therefore 
assumptions dependent on them may be grossly misleading. 
These observations certainly seem to apply to the study of 
consciousness. It may be that we are too circumspect in our 
approach, certain aspects tending to be neglected entirely, 
others over-emphasized. 

Probably the answer to the problem lies in the develop- 
ment of more comprehensive criteria on which may be 
based more accurate evaluations of consciousness. 


SUMMARY 


The classical conceptions of blood pressure control are 
reviewed. 

The mechanisms of induced hypotension are discussed 
and classified. 

Individual case records are presented and discussed. 

The relationship between hypotension, tissue oxidation, 
and the level of consciousness is discussed. 
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Mr. A. CHARLES KING 
An Appreciation by R. F. M. 


HE many friends of Mr. A. Charles King have realized 
for some time the great sense of loss that they will feel 
on his retirement from business. He has had a notable 
career in which he has used his natural gifts of sagacity and 
acumen freely in the service of the specialty of anesthetics. 
As long ago as 1914 he opened a business at his own home 
in Highbury, London, which consisted of general surgical 
trade. This was interrupted during 1916 to 1918 by the 
first world war. After the conclusion of hostilities he re- 
started at the same address, and included work in connec- 
tion with the specialty of the ear, nose and throat. This 
stimulated his interest in anesthetics, and so he formed a 
limited company under his own name, and removed to 34, 
Devonshire Street, W.1, in 1926, taking the shop and base- 
ment as his business premises. Within a short time of 
months only, the specialty of anesthesia was crowding out 
his activities in the general E.N.T. work, and the latter was 
gradually allowed to lapse. He decided that every type of 
apparatus, including American models, should be stocked, 
and thus the first retail house to specialize in anesthetic 
equipment was provided for anesthetists. 

With much enthusiasm Mr. King began to assemble, 
during 1928 to 1930, his unique museum and library, which 
he acquired through purchase and gifts. It is a most regret- 
table tragedy that this valuable collection was totally des- 
troyed, when 34, Devonshire Street was hit by enemy action 
in September, 1940. Nothing daunted, however, he began 
to replace this as opportunity offered, forming a priceless 


museum, which he has gencrously handed over to the 
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Association of Anzsthetists—a culminating act of kindness 
in keeping with the constant helpfulness which he has 
shown to all his friends for many years. 

Honours have been showered upon him, so much so that 
it can be truthfully said that not even any living anesthetist 
possesses as many honorary memberships of various bodies. 

In 1932 he was elected an Honorary Member of the 
Liverpool Society of Anesthetists, and is now the Senior 
Honorary Member. The Glasgow and West of Scotland 
Society of Anzsthetists conferred Honorary Membership 
upon him in 1946, followed three years later by the unique 
distinction of Honorary Membership of the Scction of 
Anesthetics of the Royal Society of Medicine, a mark of 
esteem which he greatly values. In the samc year the York- 
shire Society of Anzsthetists gave him similar recognition. 
While on his tours abroad during 1950 and 1951 the 
Societies of Anzsthetists of the Transvaal and Cape Pro- 
vince of South Africa, of New Zealand, Australia, and 
Canada, all bestowed Honorary Membership upon him. 

My thoughts go back over the years to the first meeting 
with Mr. King, on a November day in 1930 at 34, Devon- 
shire Street. After a short conversation I soon realized 
that his whole heart was centred in all things pertaining to 
anesthesia. From that moment a deep friendship was 
formed which has ripened over the years. In pleasurable 
duty bound two instances must be mentioned in this appre- 
ciation. 

First, the interest, enthusiasm and creative thought that 
was given by Mr. King at the time of the inception of gas 
and air analgesia in 1933 and since, greatly assisted this 
epoch-making activity to develop into the striking success 
it has become to-day. 

Secondly, the writer feels that he probably owes his life 
to the speedy help extended to him in a serious illness 
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eighteen years ago when Mr. King brought a Heidbrink 
oxygen tent down from London, and personally supervised 
treatment, standing by the family as a friend indeed. 

These incidents are shining examples of his character, 
of his honesty of purpose and sympathetic kindliness. 
Such traits are an inspiration and abiding memory in the 
hearts of those who know him intimately. 

All anesthetists wish that Charles will have many years 
of contentment, exempt from business worries, and I am 
sure that we are all delighted to know that although he has 
no Jocus standi in any firm, he will go in and out amongst 
us with the freedom of a trusted friend. 
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OBSERVATIONS ON THE ADELAIDE REPORT 
ON DEATHS UNDER ANA‘STHESIA 


By E. FALKNER HILL 


N excellent report on anesthetic fatalities (Brown, 

1950) from Dr. Gilbert Brown, the father of anes- 
thesia in Australia, has recently come tohand. In 1935 asub- 
committee of members of the honorary staff of the Royal 
Adelaide Hospital was appointed to investigate the problem 
of death during anesthesia. It consisted of a physician, a 
surgeon, a physiologist, a pathologist and an anesthetist. 
Between July 1936 and June 1950 they reviewed 166,397 
administrations in which there were 142 fatalities. It was 
decided that 9 of these were due to causes other than the 
anesthetic, which leaves 133 in which the anesthetic was 
considered to have been a factor in the cause of death. The 
overall mortality thus works out at 1 in 1,251 or 0.08 per 
cent. Of these 166,397 administrations no less than 84,557 
were local or regional anesthetics, so subtracting these 
leaves us with 81,840 general and spinal anesthetics. There 
were 4 deaths in the series of local and regional administra- 
tions and 129 in the 81,840 general and spinal, or a mor- 
tality of 1 in 634 or 0.157 per cent. Of these $1,840, 
3,133 were spinals and the rest general or intravenous. 
There were 9 deaths in the 3,133 spinals and 120 in the 
78,707 generals, giving mortalities of 0.287 per cent and 
0.15 per cent respectively. 

A somewhat similar series to this was published in the 
British Fournal of Anesthesia in January 1948 (Hill and 
Hunter, 1948). This related to cases operated on at the 
Manchester Royal Infirmary from 1933-1946. The par- 
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ticulars of the two series are set out side by side in the fol- 
lowing table for the purpose of comparison. As the Man- 
chester figures relate only to deaths on the table, some 
adjustment of the above figures will be necessary; thus of 
the 120 deaths under general anesthesia in the Australian 
series only 84 actually died on the table. Again of the nine 
deaths under spinal, one was due to hemorrhage, one 
occurred 20 hours after the operation and the other 54 hours 
after, which leaves 6 actually on the table. With these 
modifications the figures appear to be as follows: 


No. of Cases No. of Deaths Mortality 


| (General) . «ae JB,I0F 84 0.106 per cent 
Adelaide —- 7 
| (Spinal) ; 3,133 6 0.19 
| (General) . 77,000 66 0.087 
Manchester 
| (Spinal) : . 22,000 10 0.045 


The general mortality figures do noi differ significantly but 


thetics. 

It is not easy to account for the difference. It is not due 
to selection of cases in Manchester because a very large 
percentage of serious urgencies, for example, duodenal 
perforations, appendicitis cases and intestinal obstructions 
were done under spinal as the routine anesthetic. I was 
surprised to see the statement that the use of spinal anes- 
thesia in intestinal obstruction is well known to be attended 
by a high mortality. We used to regard spinal anesthesia 
as the best anesthetic for such cases. The criticism ad- 
vanced against it, namely that it causes perforation of the 
bowel, must be valid only on the rarest occasions. No such 
case has occurred in my experience. 

If, then, the difference is not due to the selection of cases, 
to what may we attribute it? Cinchocaine (Nupercaine) I 
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have always regarded as the most dangerous of the spinal 
analgesics and the light solution as the more dangerous 
form of it. Sebrechts, who used light cinchocaine 
(Nupercaine), though with elaborate precautions, explained 
why it is dangerous (Sebrechts, 1934). He wrote “ The 
factor which characterizes it and gives it an entirely 
special place in the series of anzsthetic agents is the 
intensity and duration of the blockage of the motor 
fibres”. And because of this characteristic action of 
cinchocaine (Nupercaine) certain results follow. “The 
patient exhibits that slight degree of cyanosis which is so 
characteristic of Percain (Nupercaine) anesthesia”, and 
“The suppression of the inspiratory movements of the 
thorax immediately causes the stoppage of the aspiration 
of the venous blood and the action of the heart weakens. 
This is how the diminution of the respiratory amplitude 
is a cause of hypotension”. The figures, however, are 
of much less importance than the report. We learn 
from it that the same mistakes are constantly recurring, 
that no less than 25 per cent of the deaths were 
probably preventable, 34 per cent unavoidable and a 
borderland between the two of 27 per cent which were 
possibly preventable. It is a disturbing thought that one 
in four of the deaths under anesthesia are preventable; 
it confirms Professor Macintosh’s statement that in 150 
cases every year of deaths under anesthesia “there 
must be a strong presumption that the anesthetist 
slipped up badiy” (Macintosh, 1949). Though modern 
methods (intravenous) are pleasant for the patient and less 
liable to make the incompetent anesthetist the object of 
attack in the law courts, it is open to doubt whether the 
safety of the patient has been enhanced. Quite recently a 
patient operated on for an irreducible hernia developed 
lung trouble which caused considerable uneasiness not only 
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to himself but also to his professional advisers. On inquiry 
I was told by the surgeon (1) that 60 per cent of opera- 
tion cases during the winter developed lung trouble, and (2) 
that ether, the use of which has largely been abandoned, 
both by its stimulating action on the breathing and its 
power of dilating the bronchioles, did much to prevent it! 
O tempora, O mores! 
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ON THE INHALATION OF THE VAPOUR OF | 
ETHER IN SURGICAL OPERATIONS 


By JOHN D. SNOW 


(Continued from page 67) | 


I have spoken of a knowledge of the strength of the 
vapour as being essential to a correct determination of 
the state of the patient at all times: and this brings us 
to the apparatus for the administration of the vapour, 
as, without a suitable one, the proportions of air and of 
vapour cannot be determined. 

I had the honour of shewing that these proportions 
could be easily and precisely contro!led by means of the 
temperature* and of introducing an inhaler, by which the 
quantity of vapour in the air the patient breathes can be 
accurately regulated. It is made of metal, the best con- 
ductor of caloric, and placed in contact with water, the 
best and most convenient regulator of temperature; and, 
consequently, we are enabled to avail ourselves of the law 
which determines the quantity of vapour of ether that air 
will take up, and hold in suspension at various tempera- 
tures; in order to regulate the strength of the vaporized air 
as we wish. 

The opportunity was afforded me of using the apparatus 
soon after it was made, very frequently, in St. George’s 
Hospital, and I believe that this was the first institution 
in which the vapour of ether was constantly applied with 
uniform and complete success in surgical operations. 
Several alterations in the details of the instrument were 
made, after it was delineated in the medical journals in the 








* Med. Gaz., Jan. 22: and Lancet, Jan. 23. 
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early part of the year, but the following drawings shew the 
form in which I have used it for the last three months.— 
(See engraving | facing p. 164], of which the following is 
the description. ) 

A. Box of japanned tin or plated copper, of the size 
and form of a thick octavo volume, serving as a water-bath 
when the apparatus is in use, and at other times containing 
the elastic tube and face-pieces. Attached to this by clasps, 
and moveable at pleasure, is 

B. The spiral ether chamber, of thin tinned brass, or 
copper plated with silver. 

C. Opening in ditto for putting in and pouring out ether, 
and for screwing on, 

D. Brass tube, by which the air enters which the patient 
inhales. 

E. Another opening in ether chamber for screwing on 

F. Elastic tube about three feet in length. 

G. Face-piece. 

H. Inspiratory valve of ditto. 

I. The same face-piece compressed, to fit it to a smaller 
face. 

S. Section of spiral ether chamber, B. 

The tube screwed into the opening at which the air 
enters is merely for preventing a trifling loss of ether which 
would arise from evaporation of it into the apartment 
during the process; and it effects this object in a more 
simple manner than a valve would, and offers less resis- 
tance to the ingress of air than the most delicately-balanced 
valve. The vapour of ether, being heavier than air, will 
not diffuse itself, in opposition to gravity, through the air 
in the tube, in the short space of time between the inspira- 
tions of the patient. 

When an inspiration is taken, the air, having entered 
by this tube, which is five-eighths of an inch in internal 
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diameter, passes round four times on the surface of the 
ether, and becomes saturated with its vapour, and expanded 
by it, in the same way that air gets saturated and expanded 
with the vapour of water in passing over the surface of the 
sea. This spiral arrangement is adopted from the inhaler 
of Mr. Julius Jeffreys for aqueous vapour. The dimensions 
of the ether chamber are not a matter of indifference. It 
is nearly six inches in diameter, and an inch and a quarter 
in depth. The depth of the first I used was two inches; 
afterwards it was one inch, and finally the present depth 
was determined on. It is desirable to have the chamber as 
shallow as practicable, in order that all the air passing 
through it may be brought successively in contact with 
the surface of the ether; and, on the other hand, it is 
necessary to leave a considerable space above the ether 
for the air; otherwise, when a patient draws vigorous and 
deep inspirations, as sometimes happens when he is partly 
under the influence of ether, the ether will be agitated into 
waves, and splashed into the elastic tube. The space 
between the coils of the volute is five-eighths of an inch, 
and it is of importance to be careful that it is uniformly 
turned, and presents no inequalities, or the same result- 
the splashing of the ether—may take place. When made 
with regularity, these proportions of the inhaler leave ample 
room for the passage of air, as the ether covers the bottom 
to but a very small depth, even if three or four ounces are 
put in. This part of the apparatus was at first made of 
tinned iron, but it was found occasionally to become rusty 
by use. 

The receptacle for water holds above 100 cubic inches. 
A small quantity of water would be cooled by the conver- 
sion of ether into vapour during the process of inhalation, 
and the intention of accurately regulating the proportion of 
vapour to the air would not be efficiently fulfilled: 100 
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Drawing of ether chamber, with the bottom removed to shew the 
interior. The volute, of the same metal as the chamber, is soldered 
to the top, and reaches to one-sixteenth of an inch from the bottom. 





The dotted lines indicate the position of the expiratory valve when 
turned aside for the admission of unvaporized air. 
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cubic inches of water will, however, supply the caloric 
necessary to the conversion of one or two ounces of ether 
into vapour, without being much reduced in temperature; 
and, as the heat of the water employed differs but little 
from that of the air of the patient’s room, it is not 
much altered during an operation, by radiation or other 
causes. 

In order to leave as much room as possible for the 
operator and his assistants, it is requisite to have an elastic 
tube of about three feet in length. It ought to be so capa- 
cious as to offer no impediment to the most rapid inspira- 
tion; and to meet this requirement it must be wider than 
the trachea, to compensate for the resistance arising from 
friction of the air against the interior of the tube. It is, 
therefore, three-quarters of an inch in internal diameter. 
The pipe for the admission of air to the ether is 
but five-eighths of an inch in diameter, as stated above; 
but that is amply sufficient, since it has to give passage 
to a much smaller volume of fluid than the elastic tube; 
for the air expands to nearly twice its bulk, in passing over 
the ether, by the vapour it takes up. 

The method of obliging a person to get all the air he 
breathes through tubes and valves, which is essential to 
success in the inhalation of ether, is perfectly new, and, 
in such a process, greater facilities for respiration are re- 
quired than would generally have been supposed. On this 
account, many of the apparatuses at first invented did not 
allow of easy respiration, but offered obstructions to it,— 
by sponges, by the ether itself, by valves of insufficient 
size, but more particularly by tubes of too narrow calibre; 
and there is reason to believe that, in many instances, this 
was the cause of failure, and that in others the insensibility, 
when produced, was partly due to asphyxia—a circum- 
stance especially to be avoided: for, as I stated at the 
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Westminster Medical Society on Feb. 13,* I found that 
when an animal was gradually asphyxiated by mixing car- 
bonic gas with the air, or, what amounts to nearly the 
same thing, by compelling it to breathe in a limited quan- 
tity of air, insensibility to injuries was induced; but, that 
it was a painful process to induce insensibility in this way, 
and also dangerous to the life of the animal—the insen- 
sibility so induced being of short duration before it ended 
either in death, or recovery to a state of sensibility; 
circumstances which practically cause it to differ widely 
from the state of etherization. 

For the first three months I used a mouth-piece which 
did not include the nostrils; consequently they had to be 
closed, and the patient was obliged to breathe entirely by 
the mouth. This plan always succeeded (except, perhaps, 
in one instance), and generally very well, but sometimes 
not without difficulty; for some of the adult patients, after 
they lost their consciousness, made such strong instinctive 
efforts to breathe by the nostrils, that the air was forced 
through the lachrymal ducts, and occasionally they held 
the breath altogether for a short time, and were getting 
purple in the face, when the nostrils had to be liberated, 
for a short time, to allow respiration of the external air, 
and thus a delay was occasioned. I was therefore ready to 
adopt a face-piece invented by Mr. Sibson, of the General 
Hospital, Nottingham, which permitted inhalation by the 
nostrils as well as by the mouth. This face-piece I used 
for some time, and it was the foundation of that I now use, 
which has been altered, however, considerably from it in 
form, to allow of the introduction of valves into it, and 
a greater adaptation to faces of different dimensions. 


* Med. Gaz. Feb. 26, p. 383. M. Flourens, also, Gaz. des Hépitaux, 
20 Mars, remarks on the similarity of the phenomena of asphyxia 
induced in this way, to those of etherization. 
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In the face-piece depicted | facing p. 165], the central 
part, containing the valves, is made of metal—brass, tinned 
iron, or plated copper; all the rest of thin sheet-lead, the 
pliability of which admits of its being easily adapted to the 
peculiar form of the features. The lead is covered with 
silk or glove-leather externally, and is lined with oil-silk 
where it comes in contact with the face. The valves are 
made of vulcanised India rubber; they are light, are 
attached so as to rise with the least appreciable force, and 
they close again, of themselves, in any posture in which 
the patient can be required to be placed. I have contrived 
the expiratory valve to turn on a pivot, so as to allow of 
the admission of external air, and to supersede the use of 
a ferrule or two-way tap, at the same time that it is 
performing the office of a valve. It is advisable, 
however, to make use of every contrivance of this 
kind for the admission of additional air to that which 
has passed over the ether as little as possible, and to regu- 
late the strength of the vapour by the temperature alone; 
for we can only form a rough estimate of how much air 
is thus admitted. When a stop-cock with graduated open- 
ings is used, it at first sight appears different; but the air 
passes through the external openings in preference to the 
more circuitous route over the ether; and when the 
respiration is gentle, the whole of the air the patient 
breathes may enter by an outward opening that would only 
admit a third part of what he inspires when the respiration 
is forcible.* 

It is generally known that the ordinary rectified sulphuric 
cther is unsuited for inhalation, on account of its containing 
a considerable quantity of alcohol, the vapour of which is 

* Mr. Ferguson, 21, Giltspur Street, City, made the apparatus in the 
first instance; and Mr. Matthews, Portugal Street, Lincoln’s Inn, 


Messrs. Philp and Whicker, and Mr. Coxeter, have since made it, and 
there is no restriction respecting the making of it. 
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irritating to the air-passages. The alcohol also alters the 
boiling point of the ether, and the elastic force of its vapour 
at all temperatures, consequently, without having the ether 
free from it, we should be unable to regulate, by means 
of the temperature, the proportion of vapour in the air that 
the patient breathes. The alcohol can be separated by 
means of water, and what is called washed ether is now 
supplied, for inhaling, by the principal druggists and 
surgical instrument makers. Common sulphuric ether can 
be prepared, for inhalation, by shaking it well up with 
twice its bulk of water, in a bottle, allowing it to stand 
for two or three minutes, and then decanting off for use the 
cther which floats on the top, whilst the alcohol is left 
mixed with the water. The water takes up a considerable 
portion of ether, as well as the alcohol, in this operation, 
which is, consequently, attended with loss when the wash- 
ings cannot be re-distilled, and turned to account. It is 
therefore better for the surgeon to procure ether ready 
prepared. 

Ether combines with about one-tenth of its volume of 
water in being washed: this can be separated by potash 
or chloride of calcium, and most completely by distilling 
from quicklime: but I think it preferable, as I stated in 
a lecture at the United Service Institution,* to allow this 
small quantity of water to remain in the ether, in order 
that the air which is inhaled with the vapour of ether may 
be always saturated also with vapour of water, when it 
will be more bland, and less irritating, than if it contained 
but little moisture, as is always the condition of air in 
frosty weather, and often under other circumstances. Some 
attempts have been made, by means of complicated and 
expensive apparatus, to add the vapour of water to that 
of ether, but I believe without succeeding in that indication, 


* See Lancet, May 29. 
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unless at the sacrifice of more important ones, whilst this 
object can be fulfilled by the simple and economical 
expedient of not separating the water from the washed 
ether. (3) 

The specific gravity of ether of this kind, i.e. free from 
alcohol, but containing water, is -735 at a temperature 
of 60° Fahrenheit, and it boils at about 98°. 

The following table is the result of a fresh set of experi- 
ments, made on the above kind of ether, in the way 
described in my paper in the Medical Gazette of March 19, 
and differs a little from the table then published : — 


TABLE of the Quantity of Vapour of Ether that 100 Cubic Inches of 
Air will take up at different Temperatures. 





Temp. Cubic inches Minims of 
Fah. of vapour. ether. 
50 52 64 
51 54 66 
52 56 69 
53 59 72 
54 62 76 
55 65 80 
56 68 84 
57 72 88 
58 76 93 
S9 80 98 
60 84 102 
61 88 107 
62 9? 112 
63 97 117 
64° 102 122 
65° 107 128 
66 112 134 
67 117 140 
68 123 147 
69 130 156 
70 138 165 











(To be continued) 








FROM THE MORBIDITY CONFERENCE 


TROUBLED CONVALESCENCE AFTER 
OESOPHAGOGASTRECTOMY 


A MALE patient, aged 51, underwent oesophagogastrec- 
tomy. The anesthesia was thiopentone, tubocurarine, 
50 per cent nitrous oxide and oxygen supplemented by 
pethidine. During the procedure blood replacement was 
adequate and on return to the ward his postoperative condi- 
tion was described as ‘ very good’. The chest was drained 
in the usual manner, the drain being connected to an under- 
water seal which was removed 48 hours after the operation. 
During the first postoperative day his condition had been 
satisfactory, except for complaint of severe pain at the left 
side of the chest posteriorly. He had no respiratory distress 
and on only one occasion was his respiratory rate increased 
to 26 per minute. A portable X-ray of his chest showed, 
however, that he had a complete left-sided pneumothorax 
(fig. 1). On inserting a needle into the chest it was found 
his intrapleural pressures were - 5,- 10 mm. Hg; 400 ml. 
of air were aspirated. On the following day a repeat X-ray 
showed some improvement with expansion of the left upper 
lobe (fig. 2). A further 200 ml. of air were aspirated after 
insertion of a needle through the second intercostal space 
anteriorly. The intrapleural pressures were now ~ 10, 

15 mm. Hg. In view of the high negative intrapleural 
pressure and the failure of the lung to expand it was recog- 
nized that this could only be accounted for by bronchial 
occlusion. Bronchoscopy was performed under thiopentone 
and suxamethonium anesthesia, and, although there was 


little secretion in the bronchial tree, a very definite block of 
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thick tenacious mucoid material was aspirated from the left 
lower lobe main bronchus. After this procedure insertion 
of a needle into the chest revealed that the intrapleural pres- 
sures were now — 5, -+- 5 mm. Hg and a further 100 ml. of 
air was aspirated. There was now air entry into all areas of 
the chest. A portable X-ray showed considerable improve- 
ment but a small pneumothorax still remained (fig. 3). 
From this time the patient’s condition continued to im- 
prove until the 13th postoperative day, when in the morning 
he had a sudden attack of severe pain on the right side of 
the chest posteriorly. This was accompanied by con- 
siderable dyspnoea and exacerbated by inspiration and 
coughing. He was very distressed and, on examination of 
the chest, there was some diminution of air entry at the 
right base and slight tenderness in the left calf, with a posi- 
tive Homan’s sign on the left side. The diagnosis was pul- 
monary embolism. The patient was heparinized and treated 
with sedatives. An X-ray of the chest at this time was 
negative but repeated 2 days later confirmed the diagnosis. 
There was gradual improvement over the next few days 
and the physical signs in the chest cleared. However, 
13 days later the patient had an attack of severe pain in the 
right lower chest posteriorly, became dyspnoeic and dis- 
tressed. His pulse rate was 96, respiratory rate 26 per 
minute and there was slight pyrexia. On examination he 
had diminished air entry of the right side at the base extend- 
ing into the right middle zone. A portable X-ray revealed 
signs of a shadow at his right base which had been absent 
the previous day. In view of the patient’s distress it was 
decided to perform a stellate block of the right side. This 
was carried out and resulted in immediate improvement both 
subjective and objective. The respirations became much 
easier, the pain was relieved, and he felt very much better. 
A portable X-ray was repeated and seemed to show some 
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improvement at the right base although owing to the dif- 
ferent angulation of the chest this could not be stated with 
any certainty. From this time the patient’s convalescence 
was uneventful. 

There seems no final explanation of the original pneumo- 
thorax in this case. It seems reasonably certain that the 
lung was expanded at the end of the operation and one can 
only surmise that, at some time in the first 24 hours, the 
under-water seal drainage was broken, allowing air to enter 
the chest. The lessons to be learnt from this patient are: 
first, that a pneumothorax with a negative pressure despite 
aspiration is accounted for by an intrabronchial block, and 
the proper treatment, even in the absence of signs of secre- 
tion, is bronchoscopy. Secondly, pulmonary embolism is 
worth treating by stellate block, as certainly in this case 
there was a decided subjective improvement and very pro- 
bably release from the vascular spasm which is associated 
with the embolus, improving the lung condition as well. 


ANAESTHESIA IN LUDWIG’S ANGINA 

An African male, aged 18, was admitted with a severe 
Ludwig’s Angina. There was, however, no evidence of any 
respiratory obstruction. Preliminary intubation under 
local analgesia was considered, but it was decided to 
intubate the patient under thiopentone and suxamethonium 
chloride. 

The patient was premedicated with atropine gr. 1/100 
(0.65 mg.) and a sterile tracheotomy set was made readily 
available in the theatre. Thiopentone 400 mg. was given, 
followed by 75 mg. of suxamethonium chloride. On 
laryngoscopy there was marked cedema of the whole of the 
pharynx, and the glottis could not be visualized. A tube 
was passed, but on squeezing the rebreathing bag it 
became evident that the tube was in fact down the ceso- 
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phagus. Further manipulation of the tube precipitated a 
severe laryngospasm, and respiration became completely 
obstructed. The patient became deeply cyanosed and 
ceased to make any respiratory efforts. The pulse became 
almost imperceptible. A tracheotomy was performed and 
an endotracheal tube inserted through the tracheotomy 
tube: through this the lungs were inflated with oxygen (and 
a good deal of blood). The patient recovered consciousness 
in 15 minutes. He was discharged from hospital a fortnight 
later, none the worse for this ordeal. 


A DANGER OF EPIDURAL BLOCK 


An African male, aged 30, was admitted with a severe 
fracture of the tibia and a fractured base of skull. He had 
consumed large quantities of beer just prior to his accident. 

It was decided to treat the compound fracture of the tibia 
under an epidural block. The patient was placed in the 
lateral position with a 5° foot down tilt. The epidural space 
was approached between L 4 and 5. Five ml. of 2 per cent 
Xylocaine were injected and after an interval of 4 or 5 
minutes no paralysis was present. A further 15 ml. of 2 per 
cent Xylocaine were then injected. 

Immediately following this injection the patient col- 
lapsed, and was to all appearances dead. The pupils were 
widely dilated and no pulse could be palpated. Inflation 
of the lungs with oxygen was immediately begun and the 
table put flat. A 1: 250,000 adrenaline drip was prepared 
and after some difficulty a vein was located. The patient 
remained completely apneeic for 13 hours. He recovered 
consciousness after 2 hours, and after 4 hours the adrenaline 
drip was discontinued. 

The following day it was noticed that the patient was 
talking irrationally. This improved gradually over the 
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course of about a month, although the language problem 
made it difficult to assess. 

The case presents the picture of a massive sub-arachnoid 
injection with cerebral damage consequent upon the hypo- 
tension and cerebral anemia. This disastrous complication, 
which may face the anesthetist after an attempted epidural 
block, weighs heavily against the frequent employment of 
the technique. 














CORRESPONDENCE 





REQUEST FOR REPRINTS CONCERNING STRESS AND THE 
ADAPTIVE HORMONES 
Sir, 

In perusing the current literature with which this journal 
is concerned, we note that an ever increasing number of its 
articles deals with problems pertaining to research on 
‘ stress” and the so-called “‘ adaptive hormones ” (ACTH, 
STH, corticoids, adrenergic substances, etc.). 

We are writing you because, in our opinion, the success 
of research in this complex and rapidly developing field 
largely depends upon the prompt availability and evalua- 
tion of relevant publications, a task for which we should 
like to solicit the assistance of your readers. 

In 1950, our Institute initiated the publication of a 
series of reference volumes entitled Annual Reports on 
Stress (Acta Medica! Publishers, Montreal) in which the 
entire current world literature is surveyed every year 
(usually between 2,000 and 4,000 publications). Up to now, 
we had to compile the pertinent literature partly from 
medical periodicals, monographs, abstract journals; and 
partly from reprints sent to us by the authors themselves. 
Of all these, reprints proved to be the best source of data 
which we felt deserved prompt attention in our annual 
reports. Hence, in the past, we have sent out several 
thousand individual reprint requests to authors of whom we 
knew that they are currently engaged in research on stress 
and allied topics. Even this procedure did not give us the 
wide coverage which would be desirable, because it is 


materially impossible to contact all these authors individu- 
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ally and it often takes too much time to get the requested 
reprints. 

It is evident that in order to insure prompt inclusion of 
publications in the annual reports, these surveys must 
develop into a co-operative effort between the authors of 
original papers and the reviewers. This co-operation was 
greatly enhanced of late by the publication of announce- 
ments, in several medical journals, encouraging investi- 
gators interested in stress research to send us their reprints 
for this purpose as soon as they become available. 

We should be grateful if by the publication of this note, 
you would also bring this problem to the attention of your 
readers. 

HANS SELYE 


(Professor and Director of the 
Institute of Experimental Medicine and Surgery) 


ALEXANDER HORAVIA 
(Co-author of the “ Annual Reports on Stress ’’) 








REVIEWS 


The Practical Management of Pain in Labour. By W. D. 
Wylie. Published by Lloyd-Luke, London. Pp. 148. 
42 illustrations. 18s. 6d. 


Dr. Wylie starts his book with two apt quotations from 
the poets which at once give the right emotional atmosphere 
to a book on the practical management of pain in labour. 
In his preface he says it is an ‘ opinionative ’ book. Accord- 
ing to the dictionary ‘opinionative’ means ‘unduly 
attached to one’s own opinions’. There are doubtless a 
number of reasons for writing a book but surely one of the 
best of them is a belief in one’s own opinions born of 
experience, and that is one of the reasons that has prompted 
Dr. Wylie to write this book. We must then interpret 
‘ opinionative’ in Dr. Wylie’s hands as meaning ‘a belief 
in’ but by no means ‘an undue attachment to’ his own 
opinions. After all why do we practitioners and specialists 
alike, and the book is primarily addressed to them, read a 
book if not to know the author’s opinions? A book that 
merely states the opinions of others is more of the nature of 
a catalogue of opinions, useful perhaps, but dull. It lacks 
all feeling of intimacy between author and reader which is 
such a source of emotion, delight or anger as the case may 
be. 

The book begins with a short but useful chapter on 
‘ Anatomical and Physiological Considerations ’, followed 
by some account of the drugs used and, where necessary, 
the apparatus with which to use them. The management, 
especially from the anesthetic standpoint, of normal and 
abnormal labour and Cesarean section, is then dealt with. 


Local, including spinal analgesia, has a chapter to itself, 
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and finally some of the more serious complications of preg- 
nancy and the puerperium such as venous thrombosis and 
eclampsia are considered, in so far as they may concern the 
anesthetist. On page 93 the words “If properly adminis- 
tered” appear in italics. “ As there are nine and sixty ways 
of constructing tribal lays, and every single one of them is 
right,” at least according to Kipling, so there are many 
ways of anesthetizing patients for particular operations, 
but all of them depending on being “ properly adminis- 
tered”, that is, on the skill of the anesthetist. As it is hard 
to imagine that any anesthetist is equally skilled in all 
methods it is desirable that he should choose that method, 
or those methods, in which he feels most confidence. This 
emphasis on the desirability of skill on the part of the anes- 
thetist is only one of the many fine points in this excellent 
book. 


Trichlorethylene Anesthesia. | By GORDON OSTLERE. 
Published by Livingstone. Pp. 83, 5 illustrations. 
Price 7s. 6d. 

It is doubtful if sufficient is known about trichlorethylene 
to justify publishing a book on this subject alone. The first 
chapter has already appeared in the literature, and the re- 
mainder would make at the most two papers which could 
have appeared with equal benefit to readers in any of the 
anesthetic journals. 

The pharmacology of the drug is dealt with thoroughly, 
but the dangers and prophylaxis of tachypnoea receive very 
little consideration. This chapter is broken up by a list of 
references being inserted after each sub-division, many of 
these references being repeated several times in the one 
chapter. It is disappointing to find that only six pages are 
devoted to trichlorethylene in analgesia, and of the many 
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inhalers in use today only one is described in detail. A field 
in which the drug is being used in increasing amounts every 
day is inadequately dealt with. 

The book is very well written, so well in fact that one 
could read it without really absorbing the knowledge it 
contains. 


Local Analgesia: Abdominal Surgery. By R. R. 
MACINTOSH and R. BRYCE-SMITH. Illustrated by 
Miss M. McLarty. Published by Livingstone. Pp. 94, 
88 illustrations. Price 22s. 6d. 


PROFESSOR MACINTOSH and his associates have earned for 
themselves a reputation of knowing how to use illustrations 
to the best advantage. The present book, which follows 
‘* Brachial Plexus ” and “‘ Lumbar Puncture ” in the series 
on local and regional analgesia, adds still further to his 
stature as a medical author. 

Routine local analgesia for surgery in general, and for 
abdominal surgery in particular, in this country at any rate, 
is mostly a thing of the past. There are occasions, however, 
in abdominal surgery when a good block may make the 
impossible possible. In addition, local analgesia still pro- 
vides favourite papulum of a factual nature for examiners. 
On these grounds alone anesthetists will welcome a good, 
well illustrated text on the subject. 

Sympathetic blocks are another matter. They are still 
part of the anesthetist’s daily life, being used in practically 
every hospital both for diagnosis and for therapy. The 
authors have included descriptions of blocks of the splanch- 
nic plexuses and of the lumbar sympathetic chain. There 
is no better account or better collection of illustrations of 
these, and indeed of all the other blocks of the abdominal 
region, than are contained in this book, 
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Miss McLarty has once again excelled herself, and not 
only further enhances her position as one of the foremost 
medical illustrators, but also by the clarity and accuracy of 
her drawings gives proof of the careful supervision of her 
work by the authors on whom the responsibility for 
accuracy rests. 

This book is thoroughly recommended to every practical 
anesthetist, trainee or established. It will not age, and will 
more than repay the seemingly high price. The publishers 
have done a good job too; the book is not only a pleasure to 
the mind, but a delight to the eye and the hand as well. 


Recent Advances in Anesthesia and Analgesia. By C. 
LANGTON HEWER, 7th Edn. Published by Churchill, 
London. Pp. 440, 169 illustrations. 30s. 


ALL anesthetists are indebted to Dr. Hewer for endeavour- 
ing to supply us with up-to-date information by bringing 
out new editions of this book at suitable intervals. It first 
appeared in 1932 and contained 187 pages; the seventh 
edition occupies 440 pages and contains 52 new illustra- 
tions. The print is slightly smaller so that there are more 
lines to a page and more words to a line and, in spite of the 
enhanced price, the purchaser is getting more for his money. 
It is obvious that this book cannot continue to grow at the 
present rate, nor is there any necessity that it should if the 
author confines himself to “ recent advances ”’. 

Dr Hewer says in his preface that the subject has become 
so extensive, the different techniques so specialized, that no 
one man “‘ is in a position to pronounce on all types of anzs- 
thetic problems ”. Any anesthetist with a grain of modesty 
in him will agree with this and, while there are not many 
aspects of the subject that are not touched upon, there are 
some omissions which include such important subjects as 
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“hibernation ” anesthesia, recent work on the distribution 
of thiopentone in the tissues after injection, and the new 
long-acting local anesthetic “ Efocaine”’. 

Many will find the immense list of references extremely 
useful, but readers will doubtless permit themselves to dis- 
agree with some of the opinions expressed, or perhaps would 
prefer to put the emphasis in different places. Many also 
will wonder at the lavish use of proprietary names bui, 
however, most will agree that Dr. Hewer has done a very 
difficult job well; on the whole a credit to the author and 
publisher alike. 
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OBITUARY 


ROBERT JAMES PROBYN-WILLIAMS 


R. ROBERT J. PROBYN-WILLIAMS, who died on 14th 

December, 1952, at the age of 86, was the doyen of 
consultant anesthetists in Great Britain. He was born in 
London on May 19th, 1866. He entered the University of 
Durham to study pre-clinical subjects at the end of which 
time he gained the Buxton Scholarship to the London Hos- 
pital Medical College where he completed his medical 
education. He qualified M.B.(Durh.) in 1889, took the 
conjoint diploma in 1890 and proceeded to pass the 
M.D.(Durh.) examination in 1892. After qualifying 
Dr. Probyn-Williams rapidly showed a marked interest in 
the administration of anesthetics and was appointed 
instructor in anzsthetics and house surgeon to the 
London Hospital. Shortly after he was appointed anes- 
thetist to the Royal Dental Hospital, London, and lecturer 
on anesthetics to the London School of Clinical Medicine, 
Greenwich. In 1896 he was appointed the first honorary 
anesthetist to the London Hospital and thereby joined the 
ranks of that select band of full-time anesthetists in Great 
Britain, then only 26 in number. 

During the 1914-1918 War the London Hospital tem- 
porarily became the 2nd London General Hospital! and Dr. 
Probyn-Williams, who was a Captain, R.A.M.C. (Terri- 
torial Army), remained there as an anesthetist. When Sir 
Frederick Hewitt died in 1916, Dr. Probyn-Williams be- 
came senior honorary anesthetist to the London Hospital 


and lecturer in anesthetics to the London Hospital 
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Medical College, which appointments he retained until his 
retirement in 1926. 

Dr. Probyn-Williams was very popular with students 
who accordingly endowed him with a nickname—Probang. 
He was a regular player in the annual Staff versus Students 
golf match, and rarely missed a hospital cup rugger match 
if the London were playing. His hobbies were music and 
photography. 

At the turn of the century Dr. Probyn-Williams was an 
enthusiastic member of the Society of Anesthetists, 
addressing the members on several occasions and taking an 
active part in most of the discussions. He was greatly 
interested in anesthetic mixtures and on Ist March, 1901, 
opened a discussion regarding the virtues of Schleich’s mix- 
ture i.e. a mixture of ether, chloroform and benzinc 
(petroleum ether). He was treasurer of the Society in 1903 
and was elected its last president in 1907 during which year 
he conducted the final negotiations which led to the Society 
becoming the Section of Anesthetics of the, then, newly- 
formed Royal Society of Medicine. 

In 1603, Dr. Probyn-Williams published an account in 
the Lancet of the apparatus which won him eponymous 
fame—an egg-shaped, wide-bore modification of Clover’s 
smaller portable regulating ether inhaler. The oviform con- 
struction of the inhaler brought its centre of gravity to a 
lower point than that of any other modification—thereby 
making it less tiring to hold during long administrations. 

In 1948, Dr. Probyn-Williams was elected one of the 
Foundation Fellows of the Faculty of Anesthetists of the 
Royal College of Surgeons of England. To the last he was 
extremely active in mind and conducted his personal corre- 
spondence in a copper plate handwriting—a reminder that 
he was one of the few remaining representatives of a bygone 
age. He was a prominent Freemason, and his last public 
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appearance in London was two years ago at the 50th 
anniversary of the London Hospital Lodge, of which he was 
a founder-member. He married in 1898, Emily Auden who 
predeceased him, as did his only daughter. There was 
one son by the marriage, Robert Cuthbert, who qualified at 
the London Hospital in 1927 and who practices in Wooten- 
under-Edge, Gloucestershire, where the father lived during 
his retirement. A. H. G. 


SCOTTISH SOCIETY OF ANA:STHETISTS 


THE President of the Society for 1953-54 is Dr. W. M. 
Shearer, Dundee. Dr. R. N. Sinclair, 7 Kinellan Road, 
Bearsden, Glasgow, is the Honorary Secretary. 

The Annual Meeting of the Society will be held at Dun- 
blane Hotel Hydro from the evening of Friday, 24th April 
until Sunday, 26th April, 1953. Dr. I. W. Magill will be a 
guest of the Society at that meeting. 
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